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ABSTRACT 
Proper stormwater management acknowledges both water quantity and water quality.  
Historically, stormwater quantity and quality have been separately considered; runoff was routed 
as quickly as possible into the nearest body of water.  Although this alleviates potential flooding 
concerns, water quality is often compromised.  Common stormwater quality problems include 
gross pollutants, sediment, nutrients, and heavy metals.  The chronic elevated presence of these 
pollutants is detrimental to the environment.  As a result, the government has passed legislature 
to protect waterways. The passage of the National Pollution Discharge Elimination System 
(NPDES) permit requires that municipalities implement stormwater treatment techniques, known 
as Best Management Practices (BMPs).  Unfortunately, the NPDES document suggests treatment 
to the maximum extent possible, a vague description at best. 
This thesis reports a two-part study that endeavors to evaluate three of these proprietary 
treatment units manufactured by Stormceptor, BaySaver Separation Systems, and Continuous 
Deflective Separator (CDS) Technologies, Inc. to determine their performances.  Each 
manufacturer produces a separator system that physically removes contaminants through the use 
of hydrodynamic flow principles.  Phase I of the study focuses on monitoring two Stormceptor 
units and a CDS device in field conditions, while the second phase of the study evaluates each of 
the three treatment systems under laboratory conditions.   
The data analyses from the field study show the importance of proper maintenance.  
Storm events monitored after sump material removal showed great improvement over storm 
events occurring some time after the sump material removal.  Furthermore, the treatment devices 
show a greater ability to remove pollutants from smaller storm events when compared with 
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larger storm events.  It is suggested that large storms cause scour of sediment previously trapped 
within the sump of the devices.   
An increase in the total suspended solid and nutrient concentrations, which were higher 
than the influent concentrations, was observed in both the field and laboratory studies.  This 
could be explained by the fact that organics trapped by the treatment system decompose over 
time, therefore producing nutrient-rich water in the sump of the devices with higher 
concentration than the subsequent storm events.   
Some results are close to the minimum detection limit of the parameters being tested and 
small differences between influent and effluent load exaggerate the percent load differences.  
Consequently, there is little statistical significance between influent and effluent data, thus the 
data are summarized utilizing two methods.  The methods include graphical representation of 
concentration and percent load difference, a method that normalized storms based on event size.  
In addition, a mass balance of gross litter was performed during the laboratory study. 
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CHAPTER 1 : INTRODUCTION AND PROBLEM STATEMENT 
As the Federal Government continues to pass stormwater regulations, such as the 
National Pollutant Discharge Elimination System (NPDES) permitting requirements, companies 
emerge to meet the created market of required stormwater treatment devices, known as online 
Best Management Practices (BMPs). During the past few years there has been an increase in new 
proprietary devices to improve stormwater quality in urban areas.  The consumers that wish to 
implement these BMPs would like to know performance prior to implementation.  Unfortunately, 
few independent monitoring studies have been conducted.  A need for an unbiased evaluation of 
treatment performance exists.  
Several methods have been utilized to compare theoretical predictions to actual 
performance.  Field testing is an imperative tool in the evaluation process, in which stormwater 
treatment systems are monitored while operating during actual storm events.  However, due to 
the unpredictable nature of stormwater research, storm simulations provide a more controlled 
testing scenario. 
The goal of this study is to evaluate the performance of online BMP units marketed by 
BaySaver, CDS, and Stormceptor through field and laboratory studies.  The field phase of this 
study was sponsored by the City of Orlando and the BMPs were located in downtown Orlando, 
Florida.  The BMPs included Stormceptor models 900 and 4800, and a Continuous Deflective 
System (CDS) model PSW100_100.   During storm events that met the required criteria, influent 
and effluent samples to each BMP were collected by automatic water samplers.  The samples 
were then preserved and taken to a Department of Health approved laboratory at the Iron Bridge 
Wastewater Treatment facility to be analyzed for the following stormwater pollutants: Cadmium 
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ICP, Chromium Furnace, Copper ICP, Filterable (TDS) – Residues, Hardness, Iron ICP, Lead 
ICP, Nickel ICP, Nitrate - Nitrite, Nonfilterable (TSS) – Residues, Phosphorus – Total, Total 
Kjeldahl Nitrogen, Total Nitrogen, Turbidity, and Zinc ICP.   
Subsequently, in the laboratory phase of this study sponsored by the Florida Department 
of Environmental Protection (FDEP), storm events were simulated at the University of Central 
Florida’s Stormwater Management Academy Research Laboratory to fully evaluate the behavior 
of the BMPs. The evaluated BMPs include a BaySaver System model 1K; CDS model 
PMSU30_19, and a Stormceptor model STC4800.  Pond water was introduced into the system 
from a nearby pond, and flow rates of 0.32, 0.62, 0.96, 1.3, and 1.6 cfs were simulated..  
Simulated stormwater gross pollutants, such as sediment, aluminum cans, plastic bottles and 
grocery bags, and cigarette butts and boxes, were manually added to the system prior to 
treatment.  Similar to the field study, the influent and effluent samples collected by automatic 
water samplers were analyzed for the following parameters of concern: Cadmium, Chromium, 
Copper, Iron, Lead, Nickel, Zinc, Phosphorous (total and ortho), Nitrogen (total and 
nitrate/nitrite), and Residues (filterable TDS and non-filterable TSS).  In addition to the 
influent/effluent concentration analysis, a mass balance based on gross pollutants added to the 
system was performed.  
 The experimental water quality data and results of both study phases are summarized 
utilizing two methods: visual representation of concentration and percent load difference and 
normalized storms based on event size.   
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CHAPTER 2 : STORMWATER QUALITY MANAGEMENT BACKGROUND 
2.1 Introduction 
As traditional point-source pollution is reduced through stricter legislation, one begins to 
notice the impact stormwater discharge continues to have on receiving water bodies. Historically, 
stormwater quantity was considered a separate issue from the resulting runoff quality. Flood 
protection was the main objective of conventional stormwater drainage; runoff was routed as 
quickly as possible to the nearest storage facility and then slowly released to prevent flooding. 
Although this stormwater management technique resolves the flooding dilemma, water quality 
created another problem in the environment.   
Stormwater flow through residential lawns convey excess fertilizers, pesticides, and yard 
wastes, while runoff from roadways carries dust, heavy metals, oils, and grease (Lange et al., 
1996). These pollutants are then deposited in downstream aquatic environments.  Such pollutants 
come from various sources and so are called non-point source pollution.  Non-point source 
pollution is, in many ways, an abstract problem in which one cannot generally point to a specific 
location as the source of the pollution (Absher, 2002).   
Even though stormwater quality is not an easy problem to fix, it can still be improved by 
controlling or preventing non-point source pollution.  Understanding what types of pollutants are 
in the stormwater and what types of treatments are available will permit a better guidance in 
controlling the non-point source pollution.  This chapter presents a background of stormwater 
quality and management.  Furthermore, it discusses the type of pollutants that may exist in 
stormwater and treatment available to control non-point source pollution. 
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2.2 Stormwater Quality 
There are many factors affecting stormwater quality, however, most of these factors are 
human induced problems.  Population growth negatively affects water quality.  Impaired 
waterways represent 40% of U.S. waterways, many of which are in urban areas (Berg, 1998). As 
development encroaches on an aquatic system, natural marshes that cleanse runoff, as well as 
protect against floods, are destroyed. In addition, many residents practice improper waste 
disposal and believe that flows are treated at a wastewater treatment facility. Others are just 
unconcerned with the environment and use the streets as their garbage cans.  
Considering aesthetic and health reasons, large debris in stormwater poses the biggest 
threat to the health of water bodies.  According to a study in Australia, the results suggest that 
fully urbanized areas can contribute 80 pounds of gross pollutants per acre of watershed (Allison, 
1999).  This study also found that two-thirds of litter items were cigarettes and their packaging. 
Another reason that removal of gross pollutants is important is that most metals and 
nutrients may become adsorbed to the suspended solids, such that a relationship between the 
concentrations of a pollutant and the concentration of suspended sediments exists.  It is 
suggested that removal of solids, therefore, results in eliminating the contaminants embedded 
within the solids. According to Lange et al. (1996), the most significant urban stormwater 
contaminant is sediment.  
2.2.1 Sources of Pollutants in Stormwater 
There are two main ways that impurities find their way into stormwater. First, as 
precipitation falls through the atmosphere, particulates are brought to the earth.    Secondly, 
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precipitation collects sediment, oils and grease, and other contaminant that may have collected 
on impervious areas.  Most of the pollutants in stormwater enter through the second method 
(Roesner, 1992).  
The quantity of these pollutants can be estimated using either a constant surface runoff 
concentration, or a substance accumulation load. In the later case, the build-up load may be 
calculated by the following equation (McPherson et al., 2002): 
∑
=
××=
n
j
jm QCnW
1
   (2.1) 
Where: 
W = load over prescribed area, (M) 
n = period, (t) 
Cm = median concentration, (M/l3) 
Qj = dry weather flow on day j, (l3/t) 
 
Once the concentration of potential pollutants is known, the ability of the precipitation to 
dislodge the contaminants is estimated.  Conversely, wash-off can also be estimated.  The rate of 
solids lifted from the road is given in terms of the kinetic energy of the raindrops Ek [J/(m2/s)], 
the ratio of the penetration depth of the rain drops hp (m) to the depth of overland flow h (m), the 
bed shear stress φτ  (Pa), and the critical shear stress CRτ  (Pa), obtained from Shield’s diagram 
(Delleur, 2001).  The concentration and wash-off relationships may be used in conjunction with 
each other to estimate stormwater contamination in an area. 
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2.2.2 Common Stormwater Pollutants 
There are many materials in precipitation and in runoff that can cause changes in species 
and diversity of plant and animal populations (Wanielista and Yousef, 1993).  When these 
changes become socially unfavorable, the material causing the modification is called a pollutant.   
Large debris (plastics, paper, metal, glass, and vegetative materials) are considered major 
pollutants and are responsible for degrading the aesthetic value of natural receiving waterbodies.   
Furthermore, floatable debris may cause health hazards to aquatic life through entanglement and 
ingestion.  In addition, decomposition may introduce health concerns in a water body. A study by 
Allison et al. (1998) found that organic material is consistently the main component of gross 
pollutant loads.   Organic matter has the potential to decomposition and produce methane and 
ammonia.  Other stormwater gross pollutants and their respective percentage in a typical 
waterbody are found in Table 2.1. 
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Table 2.1 : Major Categories of Debris and Relative Percent in NSW, Australia   
 
Category Muddy Creek Boom
Cup & Saucer 
Creek Boom 
Marrickville 
Trash Rack 
Number of samples 5 3 4 
Glass 0.5% 0.7% 0.6% 
Cans 2.6% 1.7% 0.3% 
Plastic 22.9% 31.6% 45.8% 
Paper 8.8% 19.9% 24.3% 
Garden refuse 50.2% 40.6% 21.7% 
Deliberately dumped 7.8% 3.2% 7% 
Miscellaneous 7.2% 2.3% 0.3% 
     (adapted from Nielson and Carleton, 1989) 
 
In order to understand the gross pollutants stormwater transports to waterbodies, there is 
a need to evaluate the characteristics of street sweepings in the watershed.  Table 2.2 shows a 
sieve analysis of street sweepings from the City of Orlando.  The majority of these particles are 
small in size.  Sediment in the 0.5 - 0.25 mm category comprises almost half of the mass on a 
percent by weight basis.  Randall (1982) found that 80% of the total particles found in 
stormwater runoff were less than 25 microns. Flocculation often occurs for particles this small.   
 
Table 2.2: Sieve Analysis of Street Sweepings from the City of Orlando 
 
Percent by Weight 
Sieve Particle Size 1st 
Run 
2nd 
Run 
3rd 
Run 
4th 
Run 
5th 
Run Avg 
Std. 
Dev. 
> 18 > 1.0 mm 6.87 7.98 9.7 13.72 9.51 9.55 2.6 
18 - 35 1.0 - 0.5 mm 32.57 18.09 15.3 14.29 14.99 19.05 7.7 
35 - 60 0.5 - 0.25 mm 46.21 58.51 50.35 41.62 43.64 48.07 6.69 
60 – 120 250-125 um 12.27 14.41 23.4 27.47 28.81 21.27 7.55 
120 – 325 124 - 45 um 1.8 0.58 0.82 2.42 2.54 1.63 0.9 
< 325 < 45 um 0.28 0.43 0.43 0.49 0.51 0.43 0.09 
(Adapted from Wanielista and Yousef, 1993) 
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Smaller particulates are a major source of stormwater pollution. The principal 
constituents of concern in urban runoff are total suspended solids (TSS), nutrients such as 
phosphorus and nitrogen, heavy metals such as copper, lead, and zinc, and E. Coli (Roesner et 
al., 2001).  As previously mentioned, one of the most significant urban stormwater contaminants 
is sediment.  Sedimentation primarily harms watercourses by smothering the benthos region.  
Table 2.3 provides many of the pollutants found in stormwater and their sources.  The 
contribution to environmental impact varies between each of these parameters.  Novotny and 
Zheng (1989) also suggested that settled algae and organic detritus contribute significantly to 
sediment oxygen demand (SOD).   
Heavy metals, such as mercury, lead, zinc, copper, tin, silver, nickel, chromium, 
cadmium, and arsenic appear to be vehicle related and thus are influenced by traffic volume 
(Wanielista and Yousef, 1993). In addition, heavy metals in stormwater runoff originate from 
common household materials, such as paint and batteries (Beck, 2001), while roadways 
contribute to fuel residues, oil drippings, and polynuclear aromatic hydrocarbons (PAHs). It has 
been suggested that the removal of TSS from stormwater can potentially decrease heavy metals.  
Typical concentrations of these pollutants are found in Table 2.4.   
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Table 2.3: Common road runoff pollutants and sources 
 
Constituent Primary Source 
Particulates Pavement wear, vehicles, atmosphere, maintenance, snow/ice abrasives 
Nutrients Atmosphere, roadside fertilizer use, sediments 
Lead Leaded gasoline, tire wear, lubricating oil and grease, bearing wear 
Zinc Tire wear, motor oil. Grease 
Iron Auto body rust, steel highway structures, engine parts 
Copper Metal plating, breaking wear, engine parts, brake lining wear, fungicides 
Cadmium Tire wear, insecticide application 
Chromium Metal plating, engine parts, brake lining wear, 
Nickel Diesel fuel and gasoline, lubricating oil, metal plating, brake lining wear 
Manganese Engine parts 
Bromide Exhaust 
Cyanide Anti-cake compound used to keep deicing salt granular 
Sodium, Calcium De-icing salts, grease 
Chloride De-icing salts 
Sulphate Roadway beds, fuel, de-icing salts 
Petroleum Spills, leaks, blow-by motor lubricants, antifreeze, hydraulic fluids 
PCBs, pesticides Spraying of highway right of ways, atmospheric depositions, PCB catalyst 
Pathogenic bacteria Soil litter, bird droppings, trucks hauling livestock/stockyard waste 
Asbestos Clutch and brake lining wear 
(Adapted from Kobringer, 1984) 
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Table 2.4: Concentration of Pollutants in Storm Water 
 
Pollutant Average Concentration
TSS 100 mg/L 
Total P 0.33 mg/L 
TKN 1.50 mg/L 
Total Cu 34 ug/L 
Total Pb 144 ug/L 
Total Zn 160 ug/L 
            (Adapted from U.S. EPA, 1999) 
 
Nutrients are a major concern in stormwater quality, which are present in the forms of 
Total Phosphorus (TP), ortho-P (most biologically available phosphorus), Total Nitrogen, nitrate 
(difficult to treat in stormwater treatment devices), and Total Kjeldahl Nitrogen (TKN) (measure 
of ammonia and organic nitrogen).  There is very little nitrite in stormwater (Strecker et al., 
1988).   
Excess nutrients are also responsible for odors and potential toxic compounds being 
formed.  Typically about 30% of phosphorus in stormwater loadings is in particulate form and 
can be removed with suspended solids, while the remaining 70% of the phosphorus, as well as 
virtually all of the nitrogen forms, are dissolved and are not effectively treated by sediment traps 
(Strynchuk et al., 2001). The EPA has suggested that nutrients, which adhere to fine particulates 
or are dissolved, will not be significantly removed by hydrodynamic separators (U.S. EPA, 
1999).  However, nutrients found in the dissolved form may be chemically treated.   
 
 11
2.2.3 Stormwater Quality Legislation 
Recently, the importance of stormwater quality on natural receiving water bodies has 
come under the scrutiny of federal legislature. The passage of the Clean Water Act (CWA) 
amendments in 1987 has prompted monitoring and controlling of stormwater quality through 
provisions requiring stormwater discharge permits.  The National Pollutant Discharge 
Elimination System (NPDES) permit (final version published in 1990) originally applied only to 
cities and counties with populations greater than 100,000 and construction activity disturbing at 
least five acres, and required stormwater systems to be defined, along with land uses, existing 
water quality of stormwater discharges, and possible stormwater quality improvements to be 
proposed.  
However, the second phase of the NPDES includes the requirements for jurisdictions of 
half the previous population levels to identify Best Management Practices (BMPs) to ensure 
water quality performance, visual aesthetics, and public safety (Sanghavi and Mattejat, 2003). 
Phase II regulations became effective March 10, 2003.  Unfortunately, no formal definition of 
pollution is stated and the wording to remove pollutants to the maximum extent practicable is a 
rather vague description at best (Hawkins, 2005).  Furthermore, the Nationwide Urban Runoff 
Program (NURP) introduces specific standards for stormwater treatment.  NURP characterizes 
the water quality of stormwater runoff and the impact it has on the natural receiving water 
bodies.   
In addition, Total Maximum Daily Loads (TMDLs) from Section 303(d) of the 1972 
CWA are being proposed for many municipalities and require reduction in various pollutant 
discharge concentrations. A TMDL is the maximum daily load of a specified pollutant that can 
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be discharged into a given stretch of river, waterway, or coastal area and still ensure the 
preservation of Water Quality Standards (Berg, 1998). 
2.3 Best Management Practices 
As mentioned in the previous section, the NPDES permits require Best Management 
Practices (BMPs) to be identified.  BMPs are techniques that help improve water quality and/or 
temporary store stormwater to prevent flooding. A more formal definition is a device, practice, 
or method for removing, reducing, retarding, or preventing targeted stormwater runoff quantity, 
constituents, pollutants, and contaminates from reaching receiving waters (Strecker et al., 2001).   
BMPs can be divided into two major categories: non-structural and structural methods. A 
schematic diagram is presented in Figure 2.1. Non-structural measures are means of reducing the 
quantity of pollutants available for wash-off.  These methods include: public education, proper 
disposal of hazardous wastes, and street cleaning. The idea behind non-structural practices is that 
it is much easier to keep pollutants out of stormwater than to remove pollutants once they have 
entered the runoff. On the other hand, structural methods are used for quantity control and to 
separate pollutants already present in stormwater.  These methods include: infiltration, detention 
and/or retention, wetlands, and separator systems. 
Structural BMPs may be further divided into treatment occurring off-site or on-site.  
According to Wanielista and Yousef (1993), if the structural change is done after the water enters 
the sewer system; the change is referred to as off-site.  If the pollutants can be reduced before 
transport by sewers to receiving water bodies, the stormwater is said to be managed on-site.  A 
description of the different structural BMPs is given in the following sections. 
  
 
Figure 2.1: Water Quality Management Practices 
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2.4 Structural Best Management Practices 
In order to select the most appropriate BMP technique, differences in sites and pollutant 
reduction goals must be considered.  There is no single BMP that solves every situation as each 
method has its own list of advantages and disadvantages. Historically, BMPs have been 
aesthetically pleasing detention structures, such as wet or dry ponds, that reduce the water 
velocity so that heavy metals and other particulates are allowed sufficient time to settle out of the 
flow. However, many areas developed for residential or commercial use do not contain enough 
(affordable) land to install conventional BMP techniques since property values are high in 
developed areas.  
For this reason, underground devices that separate solids from the stormwater have 
become popular in recent years. Similar to self-contained mini-treatment plants, separator 
systems physically remove debris, sediment, suspended solids, hydrocarbons, oils, and grease 
through the use of screens, flotation, sedimentation, vortex technology, or other hydrodynamic 
technologies (Frank, 2003).  On August 19, 1997, a tanker truck in Buffalo, New York leaked 
800 gallons of palm oil which spilled into the storm sewer system (Rinker, 2004).  However, the 
spill was completely contained by a stormwater treatment device.  In addition, during July of 
2000, a fork lift truck punctured a shipping container transporting waste lubricating oil.  The oil 
leaked into the storm sewer system, but was intercepted by a device engineered to contain the 
spill, reducing costs of cleanup and potential litigations costs.  Ports, racetracks, airports, gas 
stations, parking lots, residential areas, and freeways are all locations that need a stormwater 
treatment device. Some of the main structural BMPs are discussed in detail in the following 
sections. 
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2.4.1 Swales 
Swales are shallow, grassy channels along roadways that reduce street flooding and 
remove stormwater pollutants by allowing grass and soil to infiltrate stormwater.   With a 
reasonable detention time, filtration into the soil will remove contaminants.  Stenstrom (2003) 
claims soil can potentially detoxify pollutants as some PAHs biodegrade over time by 
microorganisms in the soil.  
Advantages to the use of swales for stormwater management include cost effectiveness 
and ease of construction and maintenance.  In addition, since the design allows the system to 
drain in 72 hours, standing water, which is a potential for mosquito breeding is eliminated.  
Furthermore, the use of infiltration techniques may reduce the amount of runoff and recharge the 
groundwater. Another concern that must be considered while designing swales is that very fine 
particles are not often captured due to relatively short detention times.  Finally, shallow slopes 
and well draining soils are requirements for the construction of swales. 
2.4.2 Wetlands 
There are two types of wetlands, natural and constructed wetlands.  The first wetlands 
type includes naturally occurring areas, while the second type are man-made replicas of natural 
wetlands.  Constructed wetlands are ideal for sediment entrapment, microbial decomposition, 
and nutrient uptake by flora; natural wetlands are fragile and should not be tampered with, as any 
hydrologic change can degrade a natural wetland.  Constructed wetlands add aesthetic value to 
an area by adding wildlife habitats, erosion control, and pollutant removal.  Unfortunately, the 
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land requirements of a constructed wetland are often a limiting factor to their use as a stormwater 
treatment method. 
2.4.3 Filtration Systems 
Filtration systems use a media, such as sand, peat, absorbents, or activated carbon to filter 
particulates from stormwater.  Filter Systems may be placed at the curb inlet or within the basin 
itself. The filtration of nutrients, organics, and coliform bacteria is enhanced by a mat of bacterial 
slime that develops during operations (ASCE, 2001).  Although low failure rates make filtration 
systems popular, the main disadvantage is high maintenance and construction costs.   In addition, 
filtration systems need other BMP techniques to enhance settlement of gross pollutants that may 
clog the filters and reduce its effectiveness. 
2.4.4 Stormwater Management Ponds 
Stormwater ponds are currently one of the most prevalent methods used in stormwater 
management and are constructed as either a wet or dry pond. Wet ponds use filtration methods to 
treat stormwater and provide both water quantity and quality control.  The stormwater is stored 
in the pond until the water exits through percolation into the ground or evaporation. The soil 
causes a natural filtration of particulate mass. Maintenance is important; otherwise the pond fills 
and becomes ineffective.  As with swales, percolation into groundwater holds the potential for 
groundwater contamination to occur.  
The second type of pond is a dry pond, or detention pond that contains vegetation in 
place of a permanent pool volume. Detention ponds are designed to temporarily hold stormwater 
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up to three days prior to the gradual release into a natural receiving water body through a control 
structure, such as a weir. However, an alternative to the weir is an under drain pipe system. 
Detention ponds can enhance water quality by removing pollutants through the interaction of 
sedimentation, filtration, absorption, and biological processes (Beck, 2001).  
Despite their popularity, ponds do not provide the ability to trap and remove floating 
contaminants from stormwater.  In addition, safety concerns regarding children and mosquitoes 
exist.  However, the major disadvantage to stormwater ponds is their significant land 
requirements, often a limiting factor in developed areas.  According to the ASCE (2001), ponds 
in new developments generally require about 10% of the land area for subdivisions, and 15-20% 
of the land area for commercial sites.  The huge amount of land necessary for a pond, 
accompanied by its high construction costs has many stormwater professionals seeking 
alternative solutions. 
2.4.5 Innovative BMP Technology Devices 
The great liability an engineer accepts in his or her designs often limits the usage of 
cutting-edge technology in favor of proven designs.  As a result, new techniques are often 
overlooked.  However, demand drives invention and the legislation previously discussed has 
promoted many entrepreneurs to enter the stormwater quality market.  Proprietary devices are 
inventions manufactured by private companies.  
Vault-type treatment technologies have progressed throughout the years.  Wet vaults are 
detention systems that have a permanent pool that aids in water quality improvement.  
Historically, these treatment devices were plagued by accidental scouring of trapped pollutants 
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during large storm events.  Many technological advances in place today, such as baffles, prevent 
resuspension from occurring.  These BMP types include (but are not limited to) gravity 
separation, swirl concentration, and filtration technologies.    
2.4.5.1 Gravity Separation  
Settling devices use gravitational settling governed by Stokes Law, as demonstrated 
below as a function of both the particle size and the particle density, expressed in terms of 
specific gravity (Brueske, 2000):   
)1(
3
42 −= SG
C
gdv
D
  (2.2) 
Where: 
v = terminal settling velocity, m/s 
g = acceleration due to gravity, m/s2 
d = particle diameter, m 
SG = specific gravity of the particle 
CD = Drag Coefficient = 
ER
24 (in laminar flow), dimensionless 
Where: 
μ
ρvdRE =   (2.3) 
ρ= fluid density, kg/m3 
 μ = dynamic viscosity of the fluid, N/m2* sec 
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In addition, the detention time is a major influence on the efficiency of gravity treatment. 
The detention time (t) is a function of the chamber volume (V) and the flow rate into the unit 
(Q): 
Q
Vt =    (2.4) 
 
Wanielista and Yousef (1993) demonstrated that the design settling velocity (v) is a 
function of the detention time (t) and resulting height of settling (h) as shown in the following 
equation: 
t
hv =    (2.5) 
The settling velocities of some materials are summarized in Table 2.5.   
 
Table 2.5: Rate of Settling in Pure, Still Water 
 
Material Diameter (mm) 
Hydraulic 
Subsiding 
Value (mm/sec)
Time Required 
to settle one foot 
Gravel 10 1000 0.3 sec 
Coarse sand 1 100 3.0 sec 
Fine sand 0.1 8 38 sec 
Silt 0.01 0.154 33 min 
Bacteria 0.001 0.00154 55 hr 
Clay 0.0001 0.0000154 230 days 
Colloidal particles 0.00001 0.000000154 63 years 
                   Temperature = 10oC, Specific Gravity of Particles = 2.65, Shape of Particles = Spherical 
                  (Adapted from Welch, 1935) 
 
 20
2.4.5.2 Swirl Concentration  
The general theory behind swirl concentration technologies is that solids are removed by 
gravity settling towards the bottom of the chamber and secondary currents move the above solids 
towards the middle of the device.  Water enters the grit chamber through a tangential inlet and 
initiates the swirling fluid field such that solids are concentrated at the center of the chamber and 
the effluent exits through an orifice on the outside of the grit chamber (Brueske, 2000).   
2.4.5.3 Filtration Technology 
Filtration technologies typically are able to remove finer particulates as compared to 
other treatment methods through the use of a replaceable filter media.  Several different media 
types are available to choose from, depending on the site conditions influencing the stormwater 
runoff characteristics.  These media include: perlite, aluminum silicate, pleated fabric inserts, 
granular activated carbon, iron-infused media, zeolite, and a material marketed as CSF Leaf 
Media.  
2.5 Proprietary BMPs 
This section presents some of the proprietary devices that utilize the principles discussed 
in Section 2.4.5.  
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2.5.1 Downstream Defender 
The Downstream Defender, manufactured by H.I.L Technology, Inc., allows stormwater 
to enter at a tangential angle to the vortex separator, resulting in oil and floatable debris rising to 
the water surface and becoming trapped in the outer space.  Sediments are directed toward the 
center of the base of the vessel, where they are stored until maintenance is performed.  A unique 
feature of this unit is its sloping base that helps solid pollutants to settle out of the stormwater. 
According to the U.S.EPA (1999) these units have achieved 90 percent removal for flows from 
0.75 to 13 cubic feet per second (cfs).  
2.5.2 HYDRO-KLEEN 
HYDRO-KLEEN combines the principles of absorption, filtration and sedimentation to 
improve stormwater quality.  The inflow is directed to a sedimentation chamber for the removal 
of gross debris.  Next, the water is filtered through a sorbent material, followed by an activated 
carbon filter.  Finally the treated storm water exits the device. An advantage to HYDRO-KLEEN 
is that this device can be customized to remove site specific contaminants.  However, clogging is 
sometimes a problem. 
2.5.3 Vortechs 
Vortechs, manufactured by Vortechnics, Inc. of Portland, Maine has been available since 
1988. This system combines swirl concentration and flow-control technologies through the use 
of a baffle wall, circular grit chamber, flow control chamber, and oil chamber. Heavy solids 
remain in the grit chamber, while floating pollutants are retained behind a baffle. The Vortechs 
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systems may treat peak flows from 1.6 to 25 cfs.  The precast unit is fabricated with Portland 
cement, while the circular grit chamber, weir, and orifice plate are constructed out of aluminum.  
This BMP earned an Environmental Protection Agency (EPA) Environmental Technology 
Innovator Award in 1998.    
2.5.4 BaySaver Separation System 
The BaySaver separation system, manufactured by BaySaver, Inc. in Maryland, relies 
mainly on gravitational settling and density differentials to treat stormwater.  Two separate 
manholes are joined by a separator unit, constructed of high-density polyethylene (HDPE). This 
material is a non-brittle, non-corrosive material. The separator unit directs the flow of water as 
governed by the flow rate. The first manhole is in-line, while the other manhole is available for 
off-line storage.  Heavy solids settle in the first vault, while floatable debris and finer sediment 
are retained in the second, where they are prevented from scouring.  
According to the U.S. EPA (2004), the most efficient pollutant removal is achieved by 
using both manholes in series as settling basins. This results in low flows being treated twice. 
During higher flows, all influent water is treated in the primary manhole, and a portion of the 
water, containing oils, sediments, and floatable debris, is diverted to the storage manhole for 
secondary treatment (BaySaver, 2004).  The manufacturer also suggests that the influent water 
displaces clean water from the center of the column, which is forced back up the return pipe to 
the system outfall. It is suggested that this water is free of floatable pollutants, and suspended 
sediment has already settled out.   
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A high flow rate safety feature is the ability of the separator unit to bypass high flow rates 
without treatment to prevent scouring of already collected materials.   BaySaver systems are 
capable of treating flow rates up to 11 cfs.  An optional screen may cover the outfall to prevent 
floatable debris from exiting the system.   
The main feature of the BaySaver Separation System is its ability to store pollutants 
offline.  By storing pollutants offline, the BaySaver Separation System hydraulically isolates 
these contaminants from the high energy influent flows (BaySaver, 2004). 
2.5.5 Stormceptor 
Stormceptor Corporation is licensed to CSR/New England Pipe of Wauresan, 
Connecticut and is protected under U.S. patent # 4,985,148.  The governing treatment principle 
in this proprietary BMP is that inflow velocity is reduced below the settling velocity of the 
targeted sediment size and settling characteristics to promote sedimentation.  The manufacturer 
suggests a TSS removal efficiency of 50-80%, as long as the proper sizing guidelines are 
followed. The density differential removes the majority of free hydrocarbons that may exist in 
the untreated stormwater.  
The bypass chamber is located at the top of the unit, followed by the separation/storage 
chamber below. During design flow, the u-shaped weir at the inlet creates a swirl affect and 
inflow is discharged into the treatment chamber where it eventually reaches the outlet riser pipe 
(Yu et al., 2001). The hydrodynamic flow in the unit creates a horizontal flow to the outlet pipe. 
The drop pipe diverts flow along the wall of the lower treatment chamber to reduce turbulent 
eddies and their associated potential for sediment re-entrainment (Brueske, 2000).   
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For storm events that exceed the treatment capacity of the chamber, the head on the 
system is kept constant, due to the stormwater elevation over the drop pipe being nearly 
equivalent to the head over the outflow riser (Winkler, 1997). This results in flow bypass, where 
the relatively low head implies lower velocities in the treatment chamber, therefore effectively 
reducing scour from occurring.  High flow periods greater than the maximum treatable velocity 
of 1.0 m/s only occurs in about 10% of the annual runoff, according to the Stormceptor website 
(www.stormceptor.com). 
2.5.6 Continuous Deflective Separation (CDS)  
Continuous Deflective Separation, or CDS, is a treatment technology that uses both swirl 
and screening technology to remove gross pollutants from stormwater.  The company was 
founded in Australia in 1992, and provides the treatment units in pre-cast concrete with no 
mechanical components.  The peak flow rate of the CDS units varies from 3 to 300 cfs in 
capacity. 
The inflow to this proprietary stormwater treatment device uses indirect filtration by 
introducing tangential flow to the screened inner chamber to cause vortex motion that prevents 
the screen from becoming blocked. The high velocity of the water in the entry chamber is 
reduced by water in the outer chamber moving counter current to the outlet. Particulates that are 
prevented from passing through the screen remain floating in motion in the center of the CDS 
unit, while heavier particles settle into the storage chamber. The water and associated pollutants 
contained within the separation chamber are kept in continuous motion by the energy generated 
by the incoming flow (Wong, 1997). 
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The treated effluent flows counter to the inner flow, preventing clogging of the screen 
apparatus.  The screen surface area is large relative to the inlet pipe area, resulting in a radial 
flow velocity through the screen an order of magnitude lower than the inlet pipe velocity (Wong, 
1997).  By having the high velocities located on the outer walls; shear force across the screen 
keeps the particulates from clogging the screen. Flow velocity decreases along the separation 
screen as well as with depth and decreasing distance from the center of the separation chamber 
(Wong, 1997).  A separate high flow bypass exists to prevent scour from occurring. 
Allison et al. (1998) suggested a free body diagram that describes the forces in detail as 
shown in Figure 2.2.  The particle is influenced by the circular motion of the water inside the 
chamber forcing the particle outwards, but is prevented from moving outside the chamber by the 
perforated screen.  The rotative motion of the flow inside the chamber results in a centrifugal 
force acting on the particle (Fb), which acts to block the screen.  This force is resisted by an 
equal but opposite centripetal force exerted by the screen (Fs).  The particle also experiences a 
tangential drag force caused by the tangential flow around the chamber.  This force is resisted by 
a friction force (Ff) caused by the centrifugal force into the screen (Fb).  The particle is kept in 
motion because the tangential drag force (Ft) is larger than the friction force (Ff). 
 
(Redrawn from Allison et al., 1998) 
 
Figure 2.2: Schematic drawing of the forces on an object near the CDS screen 
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For solids which are smaller than the aperture size of the separation screen, trapping 
efficiency would be affected by the ability of the unit to keep these solids away from the 
separation screen as they progressively settle into the containment chamber (Wong, 1997).   
Optional sorbents may be added to this treatment device for removal of oil and grease.  
The manufacturer suggested that these sorbents are capable of removing 80 to 90% of oil and 
grease.   
2.6 Sizing Proprietary BMPs 
Florida stormwater law requires that the 25-year storm has post development peak flow 
that does not exceed the predevelopment peak flow rates (FDEP, 2005).  Engineers usually 
consider infrequent events when designing stormwater treatment systems.  However, infrequent 
events are not representative of storms that produce the main percentage of rainfall annually.  
Treatment of the more frequent storms should capture a large percentage of pollutants.  
For example, one manufacturer has found that higher TSS removal is experienced during low 
flows, low intensity storms with less than 1/3 inch of runoff (STEP, 2003).   
Just because a system is able to convey the peak flow does not mean it is able to treat the 
peak flow (Neff, 2000). It was suggested that many stormwater quality treatment structures that 
are designed to be able to treat the peak flow are only capable of removing very small amounts 
of influent suspended solids during these flows, which occur less than 2% of the time.  Sizing 
information for the three proprietary BMPs that are the focus of this study are discussed below. 
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2.6.1 BaySaver Sizing Guide 
Information regarding the five BaySaver Separator Units commercially available is 
shown in Table 2.6.  However, it is possible to design larger sizes if needed.  The K in the model 
number represents the flow rate in thousands of gallons per minute. 
 
Table 2.6: BaySaver Sizing Guide 
 
BaySaver 
Separator 
Unit 
Max 
Treatment 
Flow Rate 
(cfs) 
Peak Design 
Flow Rate 
(cfs) 
Head Loss 
(Full 
Bypass) 
(inches) 
Impervious 
Drainage 
Area 
(acres) 
Manhole 
Min 
Diameter 
(in) 
½ K 1.1 8.5 6.3 < 0.5 48 
1K 2.4 10 5 < 1.25 48 
3K 7.8 30 6 < 4.00 60 
5K 11.1 50 12 < 5.75 72 
10K 21.8 100 12 < 11.25 120 
   (Adapted from U.S. EPA, 2004) 
 
2.6.2 CDS Sizing Guide 
CDS Technologies, Inc. provides a sizing program, the Technical Design Module, based 
on site hydraulics and hydrology.  In addition to unit size, the screen diameter may be selected.  
Table 2.7 presents the CDS model designations and their capacities. 
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Table 2.7: CDS Sizing Guide  
 
Model Designation* 
Treatment 
Capacity 
(cfs) 
Screen 
Diameter 
/Height (ft) 
Sump 
Capacity 
(yd3) 
Foot Print 
Diameter 
(ft) 
PMIU20_15 0.7 2.0 / 1.5 0.5 4.8 
PMSU20_15_4 0.7 2.0 / 1.5 0.5 4.8 
PMSU20_15 0.7 2.0 / 1.5 1.1 6.0 
PMSU20_25 1.1 2.0 / 2.0 1.1 6.0 
PMSU20_20 1.6 2.0 / 2.5 1.1 6.0 
PMSU30_20 2.0 3.0 / 2.0 2.1 7.2 
PMSU30_30 3.0 3.0 / 3.0 2.1 7.2 
PMSU40_30 4.5 4.0 / 3.0 5.6 9.5 
In
lin
e 
PMSU40_40 6.0 4.0 / 4.0 5.6 9.5 
PSWC30_20 2.0 3.0 / 2.0 1.9 7.2 
PSW30_30 3.0 3.0 / 3.0 1.8 6.0 
PSWC30_30 3.0 3.0 / 3.0 2.1 7.2 
PSWC40_30 4.5 4.0 / 3.0 1.9 8.3 
PSWC40_40 6.0 4.0 / 4.0 1.9 8.3 
PSW50_42 9.0 5.0 / 4.2 1.9 9.5 
PSWC56_40 9.0 5.6 / 4.0 1.9 9.5 
PSW50_50 11 5.0 / 5.0 1.9 9.5 
PSWC56_53 14 5.6 / 5.3 1.9 9.5 
PSWC56_68 19 5.6 / 6.8 1.9 9.5 
PSWC56_78 25 5.6 / 7.8 1.9 9.5 
PSW70_70 26 7.0 / 7.0 3.9 12.5 
PSW100_60 30 10.0 / 6.0 6.9 or 14.1 
PSW100_80 50 10.0 / 8.0 6.9 or 14.1 
Pr
ec
as
t*
* 
O
ff
lin
e 
PSW100_100 64 10.0 / 10.0 6.9 or 14.1 
18.0 
CSW150_134 148 15.0 / 13.4 14.1*** 25.5 
CSW200_164 270 20.0 / 16.4 14.1*** 34.5 
C
as
t i
n 
Pl
ac
e 
CSW240_160 300 24.0 / 16.0 14.1*** 41.0 
 (Adapted from CDS, 2004) 
* CDS Precast Manhole Insert Unit (PMIU); Precast Manhole Stormwater Unit (PMSU); 
Precast Stormwater Concentric (PSWC); Precast (P); and Cast in Place (C) 
** CDS Technologies can customize units to meet specific design flows and sump 
capacities 
*** Sump Capacities can vary due to specific site design 
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2.6.3 Stormceptor Sizing Guide 
Table 2.8 presents the Stormceptor model designations and their respective capacity 
information. 
 
Table 2.8: Stormceptor Sizing Guide 
 
Model 
Down 
Pipe 
Diameter 
(in) 
Sediment 
Capacity 
(ft3) 
Oil 
Capacity 
(USG) 
Total 
Holding 
Capacity 
(USG) 
Maximum 
Treatment 
Flow Rate 
(cfs) 
450 12 45 85 470 0.18 
900 6 87 242 1143 0.64 
1200 6 115 242 1354 0.64 
1800 6 200 242 1988 0.64 
2400 8 217 778 10925 1.06 
3600 8 368 778 15195 1.06 
4800 10 497 922 20180 1.77 
6000 10 654 922 24635 1.77 
    (Adapted from Stormceptor, 2004 and Lafarge, 2005) 
 
In order to better size Stormceptor units, the EPA Storm Water Management Model 
(SWMM) has been modified to simulate the hydrologic processes in Expert System.  The 
necessary hydrologic parameters necessary include: local precipitation information, total 
drainage area, percent of the drainage area covered by impervious surfaces, existence of 
upstream quantity control and the minimum release rate, and particle size distribution (Neff, 
2000).  Higher removal efficiencies can be expected if the drainage area is smaller than the 
recommended sizing above.   
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2.7 Cost of Implementing a Proprietary BMP Device 
Cost implications are a major obstacle that must be overcome to ensure proper water 
quality improvements.  The recent trend in financing stormwater improvements, as well as other 
public works, has moved toward service charges.  For this reason, taxpayers wish to make sure 
they receive the most amount of treatment for their money.  Reliable cost information is an 
essential component to aide in stormwater treatment options. Information provided should 
include capital expenses, annual operation expenses, and maintenance costs.  
The costs associated with the implementation of a BaySaver Separation System are 
shown in Table 2.9.  The costs range from $8,890 for a BaySaver 1K model to $18,290 for a 5K 
model. 
Table 2.9: Costs Associated with a BaySaver Separation System  
 
Component 
1 K 
System
3 K 
System 
5 K 
System 
Separator Unit $3,990 $5,990  $7,990  
Primary Manhole (estimated) $900  $1,900  $2,600  
Storage Manhole (estimated) $1,000 $2,000  $2,700  
Installation Cost (estimated) $3,000 $4,000  $5,000  
Total System Cost $8,890 $13,890  $18,290  
                      (Adapted from the US EPA,2004) 
 
Based on the Review of Proprietary Products (2001), the estimated construction and 
installation cost per CDS unit range between $200,000 and $300,000 for the larger units.   
The costs for the Stormceptor unit range from $7,600 for the STC900 to $33,560 for the 
Stormceptor STC7200 unit (FHWA, 2004). A study on Stormceptor by the University of 
Virginia suggested the cost estimates for the STC3600 presented in Table 2.10.  The study 
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estimated the capital costs per unit of a Stormceptor to be up to $35,000, while cleanout and 
disposal costs were $300 to $500 per cleanout. 
 
Table 2.10: Stormceptor STC3600 Cost Table: Reported in University of Virginia Study 
 
Unit Cost Installation Cost 
Maintenance 
Cost Cost/Acre  Cost/Acre/Yr * 
% TSS 
Control 
16,700 $4200-$5900 $3500-$5000 8400 4400 57 
(Adapted from Yu et al., 1999) 
*Capital Costs amortized over 50 years plus maintenance costs 
Installation costs are typically 25-35% of the unit cost 
Maintenance costs quoted by local independent licensed disposal contractor 
            
2.8 Maintenance Requirements 
The frequency of maintenance requirements for various BMPs differs tremendously, 
depending on site and location.  However, it is imperative to inspect any BMP after major storm 
events (typically greater than one inch of rainfall) occur to ensure proper usage performance and 
investigate the need for regular maintenance.   
Inspection of the BaySaver unit is recommended to be conducted on a quarterly basis for 
the first year to determine an appropriate maintenance schedule for any site (BaySaver, 2004).  
Maintenance should also be performed when either more than 2 feet of sediment have collected 
in the bottom of the device or a spill is suspected to have occurred. The BaySaver manufacturer 
has streamlined the maintenance process by providing a program that negotiates service with a 
local contractor.  In addition, BaySaver keeps records of all maintenance that has occurred on 
their product.  Finally, the BaySaver Separation System is one of the only separators on the 
market for which maintenance can be performed without confined space entry (BaySaver, 2004). 
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For a CDS unit, it is recommended that cleanouts should be performed after major 
storms, and when the sump is between 2/3 and 3/4 full (CDS, 2004). In addition, the 
manufacturer recommends that the unit be inspected at least once every thirty days during the 
wet season.   If sorbents are used, they should be removed and replaced when fully discolored.  
In addition, once per year the unit should be pumped out and the screen inspected for damage.  
The Stormceptor unit maintenance is suggested to be performed once the sediment stored 
volume reaches 15% of the Stormceptor capacity, every six months, or immediately in the event 
of a spill (Stormceptor, 2004).  Infrequent clean up may cause the outflow concentration to be 
greater than that of the inflow during the storm due to flushing (Yu et al., 1999).  The cleaning 
process usually consists of using vacuum trucks to remove accumulated sediment and oil.   
The Stormceptor manufacturer suggested that based on the cost of cleaning (in 1998 
dollars), the estimate was $250, with disposal costs ranging from $300-$500.    Table 2.11 gives 
the specific sediment maintenance depths for a fiberglass unit. 
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Table 2.11: Sediment and Oil Maintenance Depths: Stormceptor Fiberglass Unit  
 
Unit Sediment Maintenance Depth (inches) 
Oil Maintenance Depth 
(inches) 
STA 450 8 273 
STA 900 14 234 
STA 1200 17 310 
STA 1800 21 539 
STA 2400 13 329 
STA 3600 17 558 
STA 4800 16 413 
STA 6000 22 634 
STA 7200 18 558 
STA 11000  *413 
STA 13000 *22 *634 
STA 16000 *18 *558 
        *Two tanks in series, depth noted is per tank 
        (Adapted from Stormceptor website) 
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CHAPTER 3 : LITERATURE REVIEW  
3.1 Introduction 
The required stormwater discharge permits mentioned in Chapter 2 have triggered a great 
deal of monitoring data from stormwater sampling; however, none of the data are regulated 
between studies.  Major assessments of the data are inconsistent and differences in testing 
protocols exist, such as parameters being tested, evaluation techniques, and inflow 
characteristics.  As a result, meaningful conclusions are hard to draw from a simple comparison.  
It is important to ensure that performance evaluations based on inconsistent studies and non-
uniform monitoring protocols do not result in misleading conclusions. 
Despite the lack of standardized protocols, field monitoring is still a valuable tool in 
evaluating stormwater treatment devices.  Field monitoring, however, is not an easy task for 
several reasons.  For example, monitoring costs range from approximately $500 to $1,250 per 
sample and automatic samplers are oftentimes problematic.  Finally, repeatable conditions and 
results are difficult to obtain. In spite of the problems associated with evaluating BMP 
effectiveness, some researchers have had success. In this chapter an overview of studies 
performed on the three treatment units, BaySaver, CDS, and Stormceptor is presented. 
3.2 Overview of Proprietary BMPs Evaluations 
In this section, presented is an overview of both laboratory and field studies regarding the 
performance of BaySaver, CDS, and Stormceptor treatment units.  An analysis of BMP 
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monitoring results shows that studies are either published by the manufacturer (in product 
literature or websites) or by a third party.   
3.2.1 Laboratory Reviews of BMP Effectiveness 
Laboratory testing provides results under very controlled conditions, unlike field testing 
which is dependent on factors such as site conditions, land use, particle size variability, and 
precipitation.  
3.2.1.1 BaySaver Laboratory Studies  
The University of Maryland evaluated the efficiency of a model 3K BaySaver system 
under laboratory conditions. Swanson (1999) reported that four storms were simulated by 
placing 80 lbs of sand near the entrance to the unit. The median particle diameter was 370 μm, 
while d10 and d90 were 260 μm and 610 μm, respectively.  A water truck introduced 8,000 
gallons of water with a stepwise increase in flow to simulate storm events.  Samples were 
collected from the input, output, weir area, and storage manhole of the unit.  Swanson (1999) 
suggested that the TSS reduction was 71% for the only simulated storm event that produced 
complete samples.   
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3.2.1.2 CDS Laboratory Studies 
CDS Technologies, Inc. supported a laboratory study at Portland State University to 
investigate their product’s particle capture rates.   Schwarz and Wells (1999) stated that their 
laboratory system allowed for a maximum flow rate of 270 gallons per minute (GPM).  They 
also suggested that at 270 GPM, the volume in the CDS unit was 97.0 gallons corresponding to a 
depth of 34.5 inches with a detention time of 22 seconds.  The simulated flow rates ranged from 
125 GPM (46% of the design capacity) to 270 GPM (100% of the design capacity).  Schwarz and 
Wells (1999) reported that ten kilograms of four different sand types were added to a CDS unit 
fitted with a 1200 μm screen size, followed by the duplication of the protocol utilizing a 2400 
μm screen size. Although not directly stated, based on a maximum design capacity of 270 GPM 
and the laboratory set-up, the model designation was most likely PMIU20_15 (see Table 2.7). 
Sediment was added at different flow rate/screen size combinations and allowed 
sufficient detention time. After each test was performed, a plankton net located in the effluent 
pipe was removed and the collected sediment was dried and weighed. 
Schwarz and Wells (1999) suggested that a flow of 270 GPM resulted in a capture rate 
based on particle size of 12% to 100% with the 2400 μm screen, and 22% to 100% with the 1200 
μm screen.  It was also suggested that the 1200 µm screen performed better than the 2400 µm 
screen.   
Stein (1999) also conducted a laboratory study of a CDS unit and suggested that particle 
removal efficiency increases linearly with particle size.  The results of this study are shown in 
Table 3.1. 
 37
Table 3.1: Screening Efficiencies as a Function of Particle Size for a CDS Unit  
 
4.7 mm Screen 1.2 mm Screen 
Average 
Particle 
Size 
(μm) 
Particle 
Removal 
Efficiency 
(%) 
Particle 
Size Range 
(μm) 
Particle 
Removal 
Efficiency 
(%) 
> 4,700 100 > 1,200 100 
2,350 100 420 - 600 93 
1,567 93 300 - 420 85 
940 50 144 - 300 30 
    84 - 144 22 
                                  (Stein, 1999) 
3.2.1.3 Stormceptor Laboratory Studies  
A study performed by the University of Coventry assessed the performance of a full-scale 
Stormceptor under steady flow conditions (0.3 cfs) during the summer of 1996.  According to the 
manufacturer’s website, the results of this test show 97.8% oil removal, 83% inorganic sediment 
removal, and 73% organic sediment removal.   
Pratt (1996) also evaluated a full-scale model STC900 with simulated stormwater 
pollutants under laboratory conditions.  The results suggest a 98% oil removal and 83% sediment 
removal.  The STrategic Envirotechnology Partnership (STEP) program has evaluated the testing 
procedure of this study and determined it acceptable.   
3.2.2 Field Monitoring Studies Provided by BMP Manufacturers 
Studies performed by manufacturers are often considered to be biased.  For this reason, 
third parties are often sought to administer testing.  The results reported in this section are 
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available from manufacturers’ websites or product literature. However, third party firms and 
educational institutions are responsible for administering the testing protocol.  
3.2.2.1 BaySaver Field Monitoring   
The University of Maryland at College Park monitored a 3K BaySaver Separation 
System from June 30, 1998 until June 14, 1999.  The testing site was located at a bus depot on 
3.67 acres of drainage area.  Table 3.2 shows the results of this study.  The high peak flow rate 
experienced in the 6/14/1999 test resulted in a lower TSS removal rate of suspended solids than 
the other tests exhibited. 
 
Table 3.2: University of Maryland BaySaver Study Results 
 
Storm 
Date 
Average 
TSS In 
(mg/L) 
Average 
TSS Out 
(mg/L) 
Peak Flow 
Rate (cfs) 
Average 
TSS 
Removal 
4/1/1999 503 41 0.47 91% 
5/22/1999 2019 59 6.31 97% 
6/14/1999 524 122 24.33 76% 
    Average: 10.37 88% 
                       (BaySaver Product Literature) 
 
In addition, a particle distribution analysis was performed on a 3K BaySaver Separation 
System in Sparks, Nevada, while third party testing was performed by Stantec Consulting, Inc. 
on April 15, 2002.  According to the information provided by the manufacturer, 64% of the 
sediments collected in the storage manhole were smaller than 38 microns.  The results of the 
sieve analysis performed on the collected sediments are found in Table 3.3. 
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Table 3.3: Particle Size Distribution Report for a BaySaver Separation System 
 
Inlet Manhole Sediments Storage Manhole Sediments 
Sand Thru: Sand Thru: 
#4 sieve 4.750 mm 100.00% #10 sieve 2.000 mm 100.00% 
#8 sieve 2.360 mm 96.00% #16 sieve 1.180 mm 98.00% 
#10 sieve 2.000 mm 93.00% #40 sieve 0.425 mm 92.00% 
#16 sieve 1.180 mm 80.00% #100 sieve 0.150 mm 83.00% 
#30 sieve 0.600 mm 44.00% #200 sieve 0.075 mm 75.10% 
#40 sieve 0.425 mm 27.00% #400 sieve 0.038 mm 64.10% 
#50 sieve 0.300 mm 19.00%    
#100 sieve 0.150 mm 11.00%    
#200 sieve 0.075 mm 8.10%       
                (BaySaver Product Literature) 
 
3.2.2.2 CDS Field Monitoring 
The first CDS unit installed in the United States was located in Brevard County, Florida.  
Strynchuk et al. (2001) reported the use of an off-line design which effectively diverted flows 
under 9 cfs through the CDS unit with a screen size of 4700 microns in diameter.  Although not 
directly stated, based on a maximum design capacity of 9 cfs, the model designation was most 
likely PSW50_42 (see Table 2.7). The unit was monitored for five storm events over an 18 
month period.  The first three storms were monitored using flow weighted composite samples, 
while the last two used discrete samples.  Therefore, only the first three storms are presented in 
this study.  Strynchuk et al. (2001) suggested that the CDS unit provided an average of 52% 
removal efficiency for total suspended solids and 31% removal efficiency for phosphorus. It is 
important to note that extremely low flow rates (0.005 cfs) were experienced.  Table 3.4 shows 
the results of the flow weighted composite samples. 
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Table 3.4: Results of Brevard County CDS Monitoring Study 
 
Storm Event One: Max Flow Rate = 0.2 cfs (2% of design capacity) 
  
 
pH 
(SU) 
TSS 
(mg/L) 
Turbidity 
(NTU) 
BOD-5 
(mg/L) 
COD 
(mg/L) 
Total 
P 
(mg/L) 
CDS Inlet 7.6 220 180 28 150 1.4 
CDS Outlet 7.4 110 100 23 110 1 
Change 0.2 100 80 5 40 0.4 
 Reduction 3% 50% 44% 18% 27% 29% 
       
Storm Event Two: Max Flow Rate = 0.3 cfs (3% of design capacity) 
  pH (SU) 
TSS 
(mg/L) 
Turbidity 
(NTU) 
BOD-5 
(mg/L) 
COD 
(mg/L) 
Total 
P 
(mg/L) 
CDS Inlet 8.4 350 440 8.2 20 0.86 
CDS Outlet 8.2 350 340 8.2 20 0.86 
Change 0.2 0 100 0 0 0 
Reduction 2% 0% 23% 0% 0% 0% 
       
Storm Event Three: Max Flow Rate = 2.5 cfs (28% of design capacity) 
  pH (SU) 
TSS 
(mg/L) 
Turbidity 
(NTU) 
BOD-5 
(mg/L) 
COD 
(mg/L) 
Total 
P 
(mg/L) 
CDS Inlet 7.6 300 110 12 71 1.3 
CDS Outlet 7.6 150 86 8.2 53 0.95 
Change 0 150 24 3.8 18 0.35 
Reduction 0% 50% 21.80% 31.70% 25.40% 27% 
                 (Strynchuk, 2001) 
 
In this study, Strynchuk et al. (2001) reported negative removal efficiencies for certain 
parameters, such as phosphorus.  It was also suggested that this may have been caused by  scour 
of bottom sediments laden with particulate phosphorus or more likely as a result of physical 
abrasion or grinding of organic debris caused by the swirling action of water through the CDS 
unit  
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Although negative removal rates were observed, large quantities of debris were trapped 
in the device.  Strynchuk et al. (2001) further recommended mass loading tests to determine 
removal efficiencies for various particle sizes, and testing at high flow conditions as beneficial 
future research.   
 
3.2.2.3 Stormceptor Field Monitoring 
Service Environmental and Engineering of St. Paul, Minnesota performed independent 
field monitoring of a Stormceptor model STC1800 for eight storms from August 1998 through 
September 1999.  The monitoring site was a 1-acre parking lot in Como Park, Minnesota.  The 
results of this study suggested a relatively high TSS removal rate of 76%, while TP removal 
averaged about 32% (Rinker, 2004).  The concentrations and average flow rate for each storm is 
provided in Table 3.5.  The 9/11/99 storm event exceeded the maximum treatment flow rate of 
0.64 cfs for the STC1800. 
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Table 3.5: Results of Como Park, MN Stormceptor Monitoring 
 
 Storm Event Date 
Pollutant 
(mg/L) 
8/3/98 8/7/98 8/27/98 9/19/98 9/23/98 9/7/99 9/11/99 9/19/99 
TSS in 64 318 196 26 33 23 48 13.3 
TSS out 16 59 58 31 41 19 7.6 3.3 
P in 0.15 0.43 0.10 0.16 0.23 0.37 0.46 0.19 
P out 0.35 0.27 0.17 0.11 0.11 0.23 0.25 0.14 
TKN in 2.27 2.33 1.55 2.80 0.54 1.20 1.60 0.65 
TKN out 1.33 0.92 1.82 1.20 0.51 0.09 0.29 0.88 
Total Flow, US 
Gal N/A 16173 1823 14455 5750 2896 80297 2501 
Storm Duration, 
hrs 6.0 7.5 1.0 1.5 2.5 2.5 2.5 1 
Avg Flow, cfs N/A 0.080 0.068 0.36 0.085 0.043 1.19 0.093 
 
 
Another Stormceptor study was performed by the Environmental Sampling and 
Technology firm in Massachusetts for three storm events from July 1997 through November 
1997.  The STC1200 was located in a truck loading/unloading zone with an impervious area of 
0.65 acres.  The maximum flow rate per storm, 0.004, 0.005, and 0.007 cfs, respectively, was 
below the maximum treatment flow rate of 0.64 cfs for the STC1200.  The three storm events 
produced significant TSS concentrations, but the TPH result is based on only one storm event 
that yielded significant TPH concentrations.  The monitoring results suggested an average TSS 
removal rate of 93% and an average Total Petroleum Hydrocarbon (TPH) removal rate of 82% 
(Stormceptor, 2004).   
The city of Seatac, Washington contracted Associated Earth Science Inc. of Kirkland, 
Washington to perform independent field monitoring during four storm events from March 
through October 1999.  The model STC900 was located at a Texaco gas station/convenience 
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store with an area of about one acre.  The rain depths were 0.8, 0.17, 0.18, and 0.3 inches, 
respectively.  The results of this study are found in Table 3.6. 
 
Table 3.6: City of Seatac, WA Stormceptor Monitoring Results 
 
TSS 
Removal 
TPH 
Removal
TN 
Removal
TP 
Removal
Cu 
Removal  
87% 99% 43% 11% 28% 
                               (Adapted from Rinker, 2004) 
 
3.2.3 Independent Monitoring Studies 
Independent monitoring refers to third party monitoring that was not funded by the 
manufacturers and vendors of the specific BMP unit.  The results of the independent studies of 
BaySaver, CDS, and Stormceptor treatment units are summarized in subsequent sections.  
3.2.3.1 BaySaver Independent Field Monitoring  
The BaySaver Separation System was studied by Zhang (1998) who reported that a sieve 
analysis following six months of operation showed 68% (by mass) fine material, while coarser 
material was collected in the primary separation manhole.  He also reported that the preliminary 
results from one test site exhibited a TSS removal efficiency of 78 percent. 
The Washington State Department of Transportation (WSDOT) Water Quality Program 
monitored five BaySaver installations along SR 101 in Port Angeles, Washington.  WSDOT 
(2003) suggested that the primary chambers retain a higher proportion of sand-sized sediment 
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than did the secondary chamber, and the secondary chambers retained more evenly distributed 
grain sizes than the primary chambers. 
3.2.3.2 CDS Independent Field Monitoring 
Allison et al. (1999) suggested that practically all gross pollutants transported by 
stormwater were trapped by a CDS unit. The size range of particles captured in the six month 
study varied greatly.  Figure 3.1 shows the particle distribution of trapped sediment in a CDS 
unit. 
 
 
                          (Adapted from Allison et al., 1998) 
 
Figure 3.1: Size grading for sediments collected from the CDS sump 
 
Allison et al. (1998) suggested that the CDS unit reduced TSS concentrations from above 
200 mg/L to a range of 150-200mg/L, however, when values of TSS were less than 150 mg/L 
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there appeared to be little effect on the CDS unit.  The study also found that water passed 
through the device without significant mixing with more sediment concentrated water deep in the 
sump.  They also found that the unit consistently retained previously collected sediment; 
however, nutrient retention was much more erratic and negative removal efficiencies were 
related to the flushing of ambient nutrient levels within the CDS unit.   
 
3.2.3.3 Stormceptor Independent Field Monitoring  
A study of several proprietary BMPs was conducted at the University of Virginia. The 
Virginia Department of Transportation (VDOT) was the main research sponsor, with Jensen 
Precast providing part of the support.  A Stormceptor STC3600 was installed in February 1999 in 
order to treat a 2.5 acre parking lot near the campus stadium the water quality parameters 
investigated from November 1999 through April 2000 include: TSS, TP, COD, Total Nitrogen 
(TN), Copper, Zinc, and Oils and Grease (OG). A SIGMA 900MAX automatic sampler was used 
for water sampling.  Table 3.7 below summarizes the results based on six storm events. 
 
Table 3.7: Results of the University of Virginia Stormceptor Study 
 
Pollutant Removal Efficiency (%) 
Heavy 
Metals Manufacturer TSS COD TN TP O&G     
Zn Cu 
Stormceptor 57 28 27 66 33 73 22 
        (Adapted from Yu et al., 1999) 
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Table 3.7 shows that TSS and phosphorus are adequately removed. Yu et al. (1999), 
however, suggested that higher removal rates will be realized if the particle size is coarser, e.g. 
closer to 100% removal can be achieved for particles greater than 150 microns at low flow.  The 
sediment contained within the Stormceptor unit showed a high metals concentration.  Yu et al. 
suggested that since the sample was collected from the Stormceptor sump, the metals would have 
otherwise entered the natural receiving waterbody if the BMP was not in place.  A full table 
describing metals detected in the sediment composite is provided in Table 3.8.  
 
Table 3.8: Metals Removed by a Stormceptor Device 
Metal  (mg/kg) 
Antimony 30 
Arsenic 3.2 
Barium 0.01 
Cadmium Not Detected 
Chromium 13.9 
Copper 28.1 
Lead 11.4 
Mercury 0.1 
Nickel 8.35 
Silver Not Detected 
Zinc 70 
                                                  (Yu et al., 2001) 
 
Another Stormceptor study was performed by the U.S. Geological Survey (USGS) for the 
City of Madison and the Wisconsin Department of Natural Resources (WDNR).  This study 
monitored 45 runoff events through a model STC6000 from August 1996 until May 1997.  The 
4.3-acre public works yard was used as a refueling area and a storage site for sand and salt.  The 
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runoff information for each event is available in Table 3.9.  No maintenance occurred during the 
monitoring period. 
 48
Table 3.9: Runoff Information for Madison, Wisconsin Stormceptor Monitoring 
Onset and end of event1 Runoff volume (ft3) 
Event Onset  End Approaching the unit 
Through the 
treatment 
chamber 
Bypassing the 
treatment 
chamber 
1 8/5/96 16:11 8/6/96 7:01 5989 5381 608 
2 8/7/96 5:23 8/7/96 6:00 1151 982 169 
3 8/19/96 14:00 8/19/96 14:19 96 96 0 
4 8/19/96 18:50 8/20/96 0:12 5170 2915 2255 
5 8/21/96 15:09 8/21/96 18:07 3184 2486 698 
6 9/8/96 14:11 9/8/96 16:00 1064 1064 0 
7 9/20/96 8:41 9/20/96 11:36 1877 1877 0 
8 9/23/96 20:17 9/23/96 23:44 1975 1975 0 
9 9/26/96 2:49 9/27/96 1:12 9356 9356 0 
10 10/16/96 23:23 10/17/96 5:01 13607 6863 6744 
11 10/21/96 18:00 10/21/96 18:32 223 223 0 
12 10/22/96 15:18 10/23/96 1:49 9147 8369 778 
13 10/29/96 8:54 10/29/96 19:10 27825 20782 7043 
14 11/6/96 10:13 11/6/96 11:08 1093 1093 0 
15 11/17/96 1:33 11/17/96 7:24 1419 1419 0 
16 12/5/96 10:25 12/5/96 13:05 699 699 0 
17 12/10/96 11:59 12/10/96 12:29 122 122 0 
18 12/14/96 19:47 12/15/96 6:27 6415 6090 325 
19 1/1/97 10:24 1/2/97 12:42 2827 2827 0 
20 1/2/97 12:43 1/2/97 17:48 1996 1996 0 
21 1/4/97 3:52 1/4/97 18:00 9899 9558 341 
22 1/20/97 10:47 1/20/97 13:56 922 922 0 
23 1/21/97 15:42 1/22/97 4:41 5056 5056 0 
24 1/24/97 15:05 1/25/97 14:58 164 164 0 
 1/27/97 10:58 1/27/97 12:15 250 250 0 
25 1/30/97 12:06 1/30/97 14:51 859 859 0 
26 1/31/97 10:07 1/31/97 16:43 2700 2700 0 
27 2/1/97 10:47 2/1/97 11:00 62 62 0 
 2/2/97 10:57 2/2/97 12:32 268 268 0 
28 2/4/97 3:59 2/4/97 4:33 171 171 0 
 2/4/97 15:47 2/5/97 14:35 960 960 0 
29 2/8/97 11:13 2/8/97 13:26 231 231 0 
30 2/12/97 10:08 2/12/97 11:41 117 117 0 
 2/13/97 13:05 2/13/97 13:40 151 151 0 
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31 2/15/97 12:09 2/15/97 12:57 239 239 0 
 2/16/97 11:18 2/16/97 14:32 453 453 0 
 2/17/97 11:03 2/17/97 11:21 86 86 0 
32 2/17/97 11:21 2/17/97 15:54 983 983 0 
 2/18/97 8:55 2/18/97 9:39 196 196 0 
33 2/18/97 9:40 2/19/97 5:00 5963 5963 0 
34 2/20/97 15:00 2/21/97 16:06 18372 18372 0 
35 2/27/97 7:32 2/27/97 12:49 1692 1692 0 
36 2/28/97 22:49 3/1/97 15:26 5717 5717 0 
37 3/24/97 20:25 3/25/97 2:27 5868 5868 0 
38 3/28/97 6:51 3/28/97 16:55 858 858 0 
 3/30/97 14:46 3/30/97 14:56 53 53 0 
 3/30/97 17:49 3/30/97 19:04 472 472 0 
39 4/4/97 20:02 4/5/97 1:43 314 314 0 
40 4/5/97 10:17 4/5/97 11:03 396 396 0 
 4/5/97 17:13 4/5/97 19:24 1911 1632 279 
 4/6/97 6:52 4/6/97 8:25 765 765 0 
41 4/11/97 8:51 4/12/97 18:26 8274 8274 0 
42 4/12/97 20:58 4/13/97 17:58 4875 4875 0 
43 4/14/97 10:31 4/14/97 11:58 310 310 0 
44 4/23/97 22:53 4/24/97 1:41 1139 1139 0 
45 4/30/97 14:12 5/1/97 5:30 23343 20799 2544 
1 Based on runoff periods at the flow measurement locations 
* Runoff is at least partially snowmelt 
-- Percent runoff was not calculated because of the snowfall/melt nature of the event 
 
According to Waschbusch (1999), the suspended solids removal efficiency of the 
treatment chamber was about 25 percent, the total metals were reduced by about 20 to 30 
percent, and the efficiency of the unit as a whole was 21 percent.  It was further suggested that if 
the unsampled bedload material was accounted for, the treatment-chamber efficiency was 33 
percent.  Waschbusch (1999) further suggested that automatic samplers do not collect the 
heavier, larger sand-sized particles in stormwater.    
 Waschbusch (1999) also noted that the removal efficiency results from this study are 
comparable to a modeling study performed by Marshall and the field study reported an average 
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suspended solids removal of 17 percent in 1994 and 51 percent in 1995.  Table 3.10 shows the 
results of constituent loads upstream and downstream and at the inlet to and outlet from the 
treatment chamber of the stormwater treatment unit and removal efficiency for the treatment 
chamber and overall unit. 
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Table 3.10: Results of USGS Study for City of Madison and WDNR 
 
 Treatment Chamber Overall unit 
Constituent Load In Load Out 
RE 
(%) 
Upstream 
Load 
Down 
Load 
RE 
(%) 
TSS (kg) 1,258.00 943 25 1,504.00 1,189.00 21 
Dissolved solids (kg) 29,743.00 36,022.00 (-21) 30,043.00 26,323.00 (-21) 
Total phosphorus (g) 1,435.00 1,162.00 19 1,598.00 1,326.00 17 
Dissolved Phosphorus 
(g) 394 310 21 487 402 17 
Total cadmium (g) 3.2 2.3 30 3.5 2.6 27 
Dissolved cadmium (g) 1.2 1.2 (-4) 1.2 1.3 (-4) 
Total copper (g) 66.8 46.8 30 80.7 60.7 25 
Dissolved copper (g) 8.8 9.9 (-12) 11 12.1 (-10) 
Total lead (g) 104.4 75 28 125 95.6 24 
Dissolved lead (g) 2.1 1.9 10 2.1 1.9 10 
Total zinc (g) 589.8 464.6 21 727.7 602.5 17 
Dissolved zinc (g) 96.6 92 5 115.4 110.8 4 
Total BOD (kg) 44 37 16 50 43 14 
Dissolved BOD (kg) 32 30 5 39 37 4 
Total COD (kg) 257 202 21 278 223 20 
Dissolved COD (kg) 107 122 (-14) 115 130 (-13) 
NO2 + NO3 (g) 269 254 6 297 281 5 
Ammonia (g) 1,652.00 1,346.00 19 1,898.00 1,592.00 16 
Chloride (kg) 6,066.00 7,684.00 (-27) 6.4 8,036.00 (-25) 
Alkalinity (kg) 160 140 13 174 154 11 
Hardness (kg) 706 228 68 771 293 62 
TOC (kg) 47.6 46.5 2 54.3 56.2 2 
DOC (kg) 40.8 40.7 0 49.2 49.1 0 
Total PAH (g) 54 32.7 39 62.7 41.5 34 
(Adapted from Waschbusch, 1999) 
 
Finally, the Stormwater Assessment Monitoring and Performance (SWAMP) Program, a 
part of the Ontario Ministry of Environment performed a Stormceptor unit study supported by 
the Environment Canada’s Great Lakes 2000 Cleanup Fund, Ontario Ministry of Transportation, 
and the Toronto and Region Conservation Authority.  Henry et al. (2000) suggested a TSS 
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removal of 61 mg/L, a metals concentration removal between 42 and 58 μg/L, and an oil/grease 
concentration of 50 mg/L for 43 rain events from May 1997 to November 1998.  It was also 
suggested that high runoff rates that caused flush-out of the sediment could have been 
responsible for observed negative removal in some storm events.  Henry et al. (2000) also 
suggested that other factors affected removal efficiency such as size of storm, interevent dry 
period, chemical stratification, and sediment presence in the unit.  In particular, the particle size 
distribution of TSS in the runoff played a key role in unit performance. 
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CHAPTER 4 : RESEARCH DESIGN AND METHODOLOGY 
4.1 Introduction 
The main purpose of this research was to verify manufacturer’s performance predictions 
for three proprietary stormwater treatment devices under both field and laboratory conditions. 
This task was accomplished through two phases. In the first phase, UCF worked with the City of 
Orlando to conduct a field monitoring study on two Stormceptor units and one CDS unit.  The 
second phase of this study monitored one of each of the following units: BaySaver, CDS, and 
Stormceptor in a laboratory setting.  The laboratory phase was conducted at the UCF Stormwater 
Management Academy’s laboratory facility.   
4.2  Phase One: Field Monitoring Study in Orlando, Florida 
Evaluating BMP performance in actual storm events gave a good understanding of real 
world BMP performance.  The general procedure for field monitoring includes: (1) 
installation/programming of sampling equipment, and (2) collection of representative stormwater 
samples and data analyses.  
4.2.1     Site Characteristics 
The three BMP units monitored in the field phase, manufactured by Stormceptor and 
CDS, are located near the downtown area of the City of Orlando (Figure 4.1).  
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Figure 4.1: Site Location and Proprietary BMP Type 
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Site characteristics, such as land use, influence pollutant type and quantity in stormwater.  
As an area becomes urbanized, its impervious surface increases. Roesner et al. (2001) suggested 
that the biological health of a water body is related to geomorphic changes associated with land 
use conversion.  The field study locations are in the highly urbanized downtown area of the City 
of Orlando.  The Princeton and Formosa Stormceptor units treat stormwater from a commercial 
area, while the CDS unit at the Winyah site is in a residential area. 
4.2.1.1    Princeton Site 
The Princeton site is located on East Princeton Street, adjacent to Interstate 4.   A gas 
station is behind the monitoring site and silt fences and inlet protectors were in front of the site 
due to nearby construction during the sampling period.  The STC900 unit received runoff from 
East Princeton Street through a 30-in pipe at an invert elevation of 98.97 feet.  A map of the 
watershed and AutoCAD drawings of the site are presented in Figures A.1 through A.3.   
4.2.1.2   Formosa Site 
The Formosa site is located on Alden Road away from the heavy East Princeton Street 
traffic.  The monitoring site is near a community center and nearby was a greenhouse demolished 
during the monitoring period. The demolition project increased sediment concentrations, despite 
the use of silt fencing and inlet protectors.  The STC4800 unit contained 15-in diameter influent 
and effluent pipes at an invert elevation of 88.70 feet. A map of the watershed and an AutoCAD 
drawing of the site are presented in Figures A.4 through A.6.   
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4.2.1.3 Winyah Site 
The Winyah site is located near a residential neighborhood adjacent to the Florida 
Hospital on the shore of Lake Winyah.  CDS model PSW100_100, with a treatment capacity of 
64 cfs, was installed in September 2000.  The influent and effluent streams are transported to and 
from the unit through rectangular box conduits with 30 to 75 wingwall flares at an invert 
elevation of 77 feet.  A map of the watershed is shown in Figure A.7.  
4.2.1.4 Watershed Descriptions 
The Formosa STC4800 is located adjacent to Lake Formosa. The treated effluent from 
the Princeton STC900 is also routed to Lake Formosa.  The water quality of this lake is 
important since fishing is permitted along the 6,500 feet of shoreline. The lake surface area is 
approximately 35 acres, with a mean depth of 13 feet and an approximate lake volume of 147 
million gallons.  The drainage basin is 166 acres in size and is composed of 60% residential and 
40% commercial land use. 
The St. Johns River Water Management District (SJRWMD) issued a permit on 
November 11, 1999 for construction of seven Stormceptor units to treat minor sub-basins located 
throughout the Lake Formosa basin.  Each Stormceptor unit affects an extremely small 
percentage of the basin area, as shown in Appendix A.  The permit requires stormwater sampling 
at three of the seven unit locations (one for each Stormceptor model used).  The monitored 
STC900 on East Princeton Street is the middle unit in a series of three along a short city block 
with a treatment area of 0.5 acres.  The larger Formosa STC4800 treats an area approximately 1-
acre in size.   
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The Winyah CDS unit went online in 2000 to remove sediment and trash from a constant 
base flow and stormwater prior to entering Lake Winyah.  The lake is located adjacent to the 
Orwin Manor residential neighborhood, Florida Hospital, and Mills Avenue. Residents utilize the 
3,300 feet of shoreline for fishing and recreation.  A picture of Lake Winyah is shown in Figure 
4.2.  The drainage basin is 84% residential and 16% commercial.  The basin area treated by the 
CDS unit is 413 acres from a total basin area of 617 acres.  The lake surface area is 
approximately 18 acres, with a mean depth of 11’10”.  The approximate lake volume is 59 
million gallons.   
Both lakes Formosa and Winyah are a part of the Florida LAKEWATCH program.  This 
program is coordinated by the University of Florida and uses volunteers from local government 
agencies, educational institutions, and neighborhood associations to monitor lake quality.  The 
University of Florida uses the stormwater samples collected by the volunteers to publish annual 
monitoring results incorporated into the City of Orlando’s annual Lake Water Quality Report, 
available from the City of Orlando website. 
The 2002 Water Quality Report for Lake Formosa indicated an average secchi depth of 
3’7” and an average trophic state index of 57, a value in the mesotrophic category.  The same 
report suggested for Lake Winyah an average secchi depth of 2’7” with an average trophic state 
index of 63 (a range in the eutrophic category).  Trophic levels represent the general health of a 
waterbody.  An increase in the trophic level corresponds to a high level of nutrients and is often a 
warning sign of danger to the lake.  Table 4.1 shows an improvement in the trophic levels for 
both lakes from 2002 to 2003. 
 
 
 58
Table 4.1:  Trophic State Index Ranking of Lakes Winyah and Formosa  
 
         
Year Total Amount of Lakes
Lake Winyah 
Trophic State Index 
Ranking 
Lake Formosa Trophic 
State Index Ranking 
2000 94 Mesotrophic (56) Mesotrophic (43) 
2001 91 Eutrophic (70) Mesotrophic (49) 
2002 93 Eutrophic (76) Mesotrophic (54) 
2003 93 Mesotrophic (56) Mesotrophic (44) 
       (Adapted from the City of Orlando’s Lake Water Quality Annual Reports) 
 
 
 
Figure 4.2: Lake Winyah 
4.2.2     Precipitation 
The City of Orlando experiences both dry and wet seasons.  The dry season spans 
November through April, while the wet season is the remainder of the year.  The average 
temperature and monthly precipitation volume in the dry season is 64.8° F and 2.95 inches, 
respectively, while the wet season average temperature and monthly precipitation volume is 
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79.8° F and 5.60 inches, respectively (TWC, 2005).  McPherson et al. (2001) suggests wet 
weather flow is the predominant source of all conventional contaminants in Mediterranean style 
climates, such as the study area.  However, dry season flows can significantly degrade water 
quality. This study phase evaluates BMP performance in both wet and dry seasons. 
First flush is the portion of stormwater runoff that contains the greatest concentration of 
pollutants.  First flush volume is arbitrary and often based on site characteristics.  The State of 
Florida considers the first inch of runoff, usually produced from a 2.5-inch rain event, as the first 
flush volume, assuming 40% imperviousness (Gregory, 2000).  Non-frequent storm events 
produce the greatest concentration of first flush pollutants.   
In this study, however, samples throughout the storm duration were combined.  This 
method is supported by the idea that all stormwater pollutants eventually reach the natural 
receiving waterbody.  Lange et al. (1996) also suggested that first flush has a relatively minor 
impact on habitat, as many types of biota can survive short periods of impaired water quality, but 
are much more sensitive to the overall long-term chronic water quality in their aquatic 
ecosystem.   
4.2.3    Field Monitoring Equipment 
Automatic water samplers were used to collect both influent and effluent samples from 
each BMP unit.   A schematic of the testing configuration is shown in Figure 4.3. 
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Figure 4.3: Field Testing Configuration 
4.2.3.1    Automatic Water Samplers 
For each monitored BMP, two automatic water samplers were installed. One of the 
samplers is an influent sampler, while the other is an effluent sampler. An example of a sampler 
and its protective box is shown in Figure 4.4 below.   American Sigma Model 900MAX units 
were used at the Princeton and Formosa sites, while an American Sigma 800SL sampler was 
used at the Winyah site.   
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Figure 4.4: American Sigma 900MAX and its Protective Locked Box, Formosa Site 
 
 
A flow composite sampling method was used to collect a sub-sample volume at a 
specified flow interval. An electronic signal to the effluent sampler initiated simultaneous 
sampling of treated effluent stormwater.   
The major sampler programming obstacle encountered was that no two storms were 
identical.  Programming parameters that represent one storm event may be insufficient for the 
next. An example of the automatic water sampler program is shown in Table 4.2. 
Sampler maintenance is outlined in the Department of Environmental Protection (DEP) 
Standard Operating Procedures (SOPs) subsection Field Cleaning (FC) 1140. The automatic 
samplers and their tubing were inspected during each site visit.  In addition, the rechargeable 
batteries were charged as needed.   
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Table 4.2: Field Phase Automatic Water Sampler Programming 
 
Variable Value 
Number of Bottles 1 
Bottle Volume 2.6 gallon 
Intake Tube Length 99 feet 
Intake Tube Type 3/8" vinyl 
Program Lock disabled 
Program Delay disabled 
Sample Collection flow-proportional 
Sample Collection constant volume/variable time 
Sample Collection external flow meter 
Take Sample Every 20 gallons 
Samples to Collect 22 
Timed Over-ride disabled 
Take First Sample after 1st interval 
Run Mode stop after last sample 
Samples to Collect 50 
Liquid Sensors enabled 
Sample Volume 180 mL 
Intake Rinses 0 
Sample Retries 0 
Site ID varies 
 
4.2.3.2     Flow Meter  
A Sigma Flow Meter 920 located in each BMP inlet pipe measured flow rate. The flow 
meter, shown in Figure 4.5, uses Doppler technology and pressure to estimate the water depth.  
Pipe geometry and water depth are then used to calculate the flow rate. The flow meters were 
calibrated prior to deployment. 
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Figure 4.5: Sigma Flow Meter Model 920 
4.2.4 Stormwater Quality Monitoring Protocol 
The process for collecting stormwater quality data is extremely detailed and structured. 
The Florida Department of Environmental Protection (FDEP) Standard Operating Procedures 
(SOPs) were followed to ensure proper sampling technique.   The EPA 40 CFR Part 136 
stormwater sampling protocols were also used.  This section summarizes the stormwater quality 
monitoring protocol.  
4.2.4.1     Qualified Storm Events  
A qualified storm event must have a minimum of 72 hours antecedent dry period to 
ensure sufficient pollutant build-up, according to EPA protocol.  In addition to antecedent 
conditions, storm characteristics are critical in determining if a storm event is qualified for 
monitoring.  A minimum rain depth is required to ensure adequate runoff, while a maximum 
depth prevents monitoring of extreme events that exceed the maximum treatment flow rate of the 
BMP.  
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The difficulty in predicting a qualified storm event is challenging for all stormwater 
researchers.  Allison et al. (1998) noted that predicting rainfall and getting to the site proved to 
be the most challenging aspect of monitoring; several storms were missed through poor 
forecasting and several trips to the site were false alarms.  
4.2.4.2  Sample Container Decontamination 
  The FDEP SOPs require that all samples be collected in glass bottles if TPH or another 
hydrocarbon test is to be performed. Polyethylene bottles are acceptable for monitoring that does 
not include hydrocarbon testing.  
Subsection FC 1001 Cleaning Reagents (Appendix I) outlines the required 
decontamination process. First, the containers were rinsed with hot tap water.  Liqui-Nox, a 
liquid detergent that does not contain phosphate, was then added to each sampling container.  
The inside and outside of the containers were scrubbed with the detergent and soaked prior to a 
thorough tap water rinsing.  Next, a 10% hydrochloric acid solution was used to rinse the 
sampling containers.  Hydrochloric acid was used since nitric acid would contaminate containers 
(both nitrate and nitrite are tested parameters).  Deionized water was used for a final rinse.  
Deionized water is an appropriate choice for analyte-free water since volatile organics were not 
tested.  Finally, the containers were inverted to allow drainage and drying over the next 24 hours 
prior to the addition of a Teflon film cap until field deployment. 
 65
4.2.4.3    Field Study Procedure 
The automatic samplers were programmed to initiate sampling during a storm based on 
flow rate. Clean sample containers were placed in each sampler and the battery voltage was 
checked. After the storm event, the sampling history and flow rates were recorded.     
The sample in each jar was shaken to assure uniformity and separated into pre-labeled 
sample kit bottles. The information required on the sample kit bottles include: sample name, 
date, time, and signature.  The pH of each sample was tested to ensure a pH lower than 2.0. The 
Chain of Custody (example shown in Appendix B) was completed and the sample bottles were 
placed in a cooler of ice.  The cooler was transported to a laboratory at the Iron Bridge 
Wastewater Treatment Facility within a few hours. 
The Iron Bridge Wastewater Treatment Facility performed the analyses of the stormwater 
collected.  This facility met the SJRWMD permit requirement and is a Department of Health 
approved laboratory.  Each sample was tested for the following parameters: Cadmium ICP, 
Chromium Furnace, Copper ICP, Filterable (TDS) – Residues, Hardness, Iron ICP, Lead ICP, 
Nickel ICP, Nitrate - Nitrite, Nonfilterable (TSS) – Residues, Phosphorus – Total, Total Kjeldahl 
Nitrogen, Total Nitrogen, Turbidity, and Zinc ICP.   
4.2.4.4    Preservation 
The EPA SOPs recommended preservation parameters were used.  Nitric acid preserved 
metals, while sulfuric acid preserved nutrients.  The TSS samples required no preservation.  The 
sample kit bottles with pre-measured preservative are shown in Figure 4.6.   
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Figure 4.6: Sample Kit Bottle 
 
 
The covers of the bottles were color coded and labeled for easy identification.  Along 
with chemical preservation, ice was utilized as a preservation technique.  The cooler was 
prepared according to the SOP Subsection FC 1190 (Appendix I) that requires the cooler to be 
washed with laboratory detergent following use in the field.   
4.2.4.5   Quality Control 
The DEP’s Field Quality (FQ) 1230 requires the use of equipment blanks to monitor the 
quality of sample container cleaning and suitability of sample preservative and analyte-free 
water.  The equipment blanks were performed by cleaning the sample containers, as described in 
Section 4.2.4.2, and then filled with analyte-free water.  There is no difference between the 
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protocol for equipment blanks and field samples beyond this point.  The equipment blank 
procedure was performed three times during the sampling period.    
The DEP’s FQ 1220, the field duplicate governing protocol was used to measure the 
variability encountered in the stormwater sampling process.  One sample per sampling event is 
arbitrarily chosen to fill an extra sample kit and is treated similar to other samples.  The quality 
control method practiced at the laboratory facility is presented in Table 4.3. 
 
Table 4.3: Quality Control Method Number for Field Study 
 
Pollutant Method Number MDL Unit 
Cadmium ICP EPA 200.7 1 μg/L 
Chromium Furnace EPA 218.2 2 μg/L 
Copper ICP EPA 200.7 3 μg/L 
Filterable (TDS)  EPA 160.1 1 mg/L 
Hardness EPA 130.2 2 mg/L 
Iron ICP EPA 200.7 20 μg/L 
Lead ICP EPA 200.7 3 μg/L 
Nickel ICP EPA 200.7 2 μg/L 
Nitrate - Nitrite EPA 353.2 0.01 mg/L 
Nonfilterable (TSS)  EPA 160.2 1 mg/L 
Phosphorus - Total EPA 365.4 0.005 mg/L 
Total Kjeldahl Nitrogen EPA 351.2 0.2 mg/L 
Total Nitrogen Calculation 0.2 mg/L 
Turbidity EPA 180.1 0.1 NTU 
Zinc ICP EPA 200.7 2 μg/L 
       Minimum Detection Limit (MDL) 
4.3 Phase Two: Laboratory Study at UCF’s Stormwater Management Facility 
It is almost impossible to achieve repeatable testing conditions in a field study.  In 
addition, research is limited by unpredictable weather conditions.  Laboratory monitoring is a 
 68
more controlled approach to the evaluation of stormwater treatment systems.  The three 
structural BMP units evaluated at the UCF’s Stormwater Management Academy Laboratory 
Facility included full-scale BaySaver, CDS, and Stormceptor units.  A summary of each of the 
three devices is found in Table 4.4. 
 
Table 4.4: UCF Laboratory Study BMPs Information Provided by Manufacturers 
 
Removal Efficiency  BMP 
Technology 
Model 
Number 
Treatment 
Capacity 
(cfs) TSS 
Oil & 
Grease 
Price 
*** 
CDS PMUSU_19 1.6 52-84 * 80-90 $14,700  
Stormceptor STC 4800 1.77 50-80 >90 $22,270  
BaySaver 1K 2.4 76-97 **   $4,740  
                   (Adapted from Nnadi et al., 2004) 
                   *     Based on using 2400 and 400 micron screens 
                   **   Based on a Study of 3K unit (60” manhole) 
                   *** Price does not include installation or maintenance 
4.3.1 Laboratory Study Configuration 
Stormwater runoff is simulated by running water from a nearby detention pond through 
the BMPs. UCF has designated this pond, highlighted in Figure 4.7, as Pond 4L.  The pond 
receives runoff from campus apartments, the campus police department, and their respective 
parking lots.  For a 24-hour storm event with a 25-year return period in the Orlando area (i.e., 
intensity I = 0.36 in/hr; Wanielista and Yousef, 1993), 2.5 acres will generate a runoff of about 
1.6 cfs based on a runoff coefficient of 0.65 (i.e., runoff coefficient for the watershed of Pond 4L 
with 52% directly connected impervious area) (Nnadi et al., 2005). 
A submerged pump transports water through a 4-inch PVC pipe from the pond to the 
laboratory facility’s reservoir.  The reservoir is composed of two 50,000 gallon tanks that are 
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connected for a total capacity of 100,000 gallons. The laboratory facility set-up is represented in 
Figure 4.8.  In addition, Figure 4.9 provides a photograph of the experimental configuration. 
 
 
 
Figure 4.7:  Pond 4L on UCF campus 
. 
Pond 4L
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    (Nnadi et al., 2004) 
 
Figure 4.8: UCF’s Stormwater Academy Laboratory Facility’s BMP Configuration 
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Figure 4.9: Laboratory Study Configuration 
 
 
During the testing procedure, stormwater in the reservoir was pumped through a 16-in 
PVC pipe to a small water tank, referred to as the splitter.  The splitter has three orifices located 
in the tank bottom that lead to 10-in PVC pipes.  A control valve is located at the upstream of 
each pipe to control the flow rate.  Gravity flow moves the stormwater through the pipes to the 
BMP unit located at the end of each ten foot pipe.  
An access point is located at the downstream of each of the pipes. A SIGMA Flow Meter 
Model 920 is located in the access points.     Each access point also allows for the addition of 
BaySaver
Collection 
Tank 
CDS
Stormceptor
Splitter 
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gross litter and influent sampler tubing. A similar access point is located at the outlet of each 
unit.  An example of a unit’s access points is shown in Figure 4.10. The three effluent pipes from 
the units converge at a second water tank, referred to as the collection tank.  An exit orifice 
transports the stormwater by gravity flow to an existing polishing pond.   
 
 
 
Figure 4.10: BaySaver Unit and its Access points 
4.3.2 Laboratory Study Automatic Water Sampler Programming 
The laboratory study utilized American Sigma Model 900 automatic water samplers with 
similar programming to the field study phase with some exceptions.  First, the flow rate was 
constant for the duration of the experiment.  As a result, both influent and effluent samplers were 
programmed to sample on a one minute time interval. An advantage of time-proportional 
Influent 
Access Point 
Effluent 
Access Point 
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sampling is the experiment duration may be specified. An example of the water sampler program 
information is presented in Table 4.5. 
 
Table 4.5: Laboratory Study Automatic Water Sampler Program  
 
Variable Value 
Number of Bottles 1 
Bottle Volume 2.5 gallon 
Intake Tube Length 10 feet 
Intake Tube Type 3/8" vinyl 
Program Lock disabled 
Program Delay disabled 
Sample Collection  time-proportional 
Interval 0:01 (hrs:min) 
Take First Sample after 1st interval 
Run Mode stop after last sample 
Samples to Collect 50 
Liquid Sensors enabled 
Sample Volume 180 mL 
Intake Rinses 0 
Sample Retries 0 
Site ID varies 
Flow Meter Set-up 
Flow Units cfs 
Level Units in 
Primary Device manning equation 
Shape  circular 
Pipe Diameter 10 in 
Pipe Slope 0.001 
Pipe Roughness 0.01 
Total Flow Units gallon 
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4.3.3 Simulated Stormwater Pollutants 
The sediment and gross litter shown in Figure 4.11 was added to the laboratory testing 
system to simulate stormwater pollutants. 
 
 
 
Figure 4.11: Simulated Stormwater Pollutants 
4.3.3.1  Sediment 
The information presented in Table 2.4 suggests an average stormwater suspended solids 
concentration of 100 mg/L.  Collected street sweepings from the City of Orlando were added to 
the splitter to simulate this sediment concentration goal since street sweepings contain land-use 
related pollutants.   
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 The street sweepings were mostly organic material, such as leaves and twigs, although 
glass, plastics, and metal were also observed.  A street sweepings sieve analysis was performed 
and the results are shown in Figure 4.12.  
 
 
 
Figure 4.12: City of Orlando Street Sweepings Sieve Analysis 
 
Lake sediments from Miami were also used to increase the suspended sediment load. The 
sieve analysis results for the lake sediment are presented in Figure 4.13.   
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Figure 4.13: Lake Silt Sediment Sieve Analysis 
4.3.3.2   Gross Litter 
In addition to sediment, gross litter was also added to each of the three units to simulate 
the gross pollutants found in stormwater. Table 4.6 shows the quantity of gross litter added to 
each BMP per test.    
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Table 4.6:  Gross Litter Introduced to each BMP per Experiment Run 
 
Parameter Quantity 
Metal:   
         aluminum soda cans 5 cans 
Plastic:   
         soda/water bottles 3 bottles 
Paper:   
      wadded magazine page 10 wads 
Cigarettes:   
         cigarette box 1 box 
         cigarette butts 1 cup 
 
4.3.4 Laboratory Study Methodology 
The three proprietary BMPs operated simultaneously at the following flow rates: 0.32, 
0.62, 0.96, 1.3, and 1.6 cfs.  The peak laboratory flow corresponds with the maximum treatment 
flow rate of the limiting BMP.    
4.3.4.1 Laboratory Testing Procedure 
Prior to any experimental run, the reservoir was filled with enough water to simulate 
runoff through the units for the duration of the test.  The control valves at the upstream end of the 
inflow pipes were adjusted to achieve the desired flow rate.  At the beginning of each test, 
sediment/organic materials were collected, dried, and weighed and gross litter was sorted.  
The automatic water samplers were placed on a concrete pad, in front of each BMP unit.  
Clean sampling containers, decontaminated as described in Section 4.2.4.2, were placed in each 
of the water samplers.  The sampler tubing was placed in the influent and effluent access points, 
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respectively.  Next, the sampling program summarized in Table 4.5 was reviewed.  A photograph 
of samplers prior to testing is shown in Figure 4.14. 
 
 
 
Figure 4.14: Samplers prior to Laboratory Experimental Run 
 
The experimental run began when stormwater was discharged from the reservoir to the 
splitter and the samplers were activated. During the entire experimental run, pollutants were 
added to the system.  The sediment was added in one minute intervals through a manhole located 
on the lid to the splitter water tank.   The sediment was dispersed as evenly as possible among 
the three inlets to the units and stirred continuously.  In addition to the sediment, the gross litter 
was introduced to each BMP access point. 
Once sampling was completed, visual observations and sample weight were documented. 
Each sample was then shaken to assure uniformity and distributed into sample kit bottles with 
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pre-added preservative (Table 4.7) and the sample identification, date and time of sampling, and 
identification of field technician was recorded.  The identification scheme was as follows: the 
first character was a B for BaySaver, C for CDS, or S for Stormceptor, the word ‘in’ or ‘out’ was 
used to denote whether the sample was an influent or effluent specimen, and the date was 
recorded. The Chain of Custody was completed and the sample kits were placed in a cooler of 
ice prior to transportation to a certified environmental laboratory facility. 
The PC&B Environmental Laboratory, Inc. facility was contracted to perform the 
analyses as outlined in Table 4.8. Tested parameters included: Cadmium, Chromium, Copper, 
Iron, Lead, Nickel, Zinc, Phosphorous (total and ortho), Nitrogen (total and nitrate/nitrite), 
Residue (filterable TDS and non-filterable TSS), and PAHs.  However, after the first two 
experimental runs, PAHs were eliminated due to non-detectable concentrations.  
 
Table 4.7: Preservation Guide for Simulated Storms 
 
Parameter Preservative 
NOX/Ortho P/TDS/TSS None 
EPA 353.3/351.2 - Nitrogen, Total H2SO4 to pH (2 water) 
Cd/Cr/Cu/Fe/Pb/Ni/P/Zn HNO3 to pH (2 water) 
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Table 4.8: Analytical Methods for Simulated Storms 
 
Pollutant Analytical Method MDL Unit 
Cadmium EPA 6010/200.7 0.5 μg/L 
Chromium EPA 6010/200.7 1 μg/L 
Copper EPA 6010/200.7 5 μg/L 
Iron EPA 6010/200.7 200 μg/L 
Lead EPA 6010/200.7 3 μg/L 
Nickel EPA 6010/200.7 5 μg/L 
Zinc EPA 6010/200.7 5 μg/L 
Phosphorus, Total EPA 6010/200.7 5 μg/L 
Phosphorus, Ortho EPA 365.3 0.05 mg/L 
Total Nitrogen EPA 353.3/351.2 0.05 mg/L 
Nitrate/Nitrite EPA 353.3 0.05 mg/L 
Residue, Filterable (TDS) EPA 160.1 1 mg/L 
Residue, Nonfilterable (TSS) EPA 160.2 1 mg/L 
 
 
A gross litter mass balance was also performed at the conclusion of the study.  The sump 
material was removed from each unit by a rope and bucket method.  The sediment was spread 
onto plastic sheets to dry as shown in Figure 4.15.  The sediment was then weighed and a sieve 
analysis was performed.  The quantity of gross litter was also recorded.   
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Figure 4.15: Sediment during Drying Process 
4.4 Data Analyses 
Three methods of analyses were considered; removal percentage, graphical 
representation, and load percent difference. A simple removal percentage is not a good indication 
of BMP effectiveness since this method is oftentimes misleading when runoff volumes differ 
between storm events.  However, graphical representation, along with the mass load percent 
difference method presented in Equation 4.1, avoids this problem. 
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EMCVEMCVPD −=          (EQ 4.1) 
Where: 
PD = load percent difference of constituent, %  
V = storm runoff volume into BMP facility during sampling period, l3 
EMCin = event mean concentration of influent, M/l3  
EMCout = event mean concentration of effluent, M/l3  
 
Strecker et al. (1988) recommends that if both the influent and effluent concentrations are 
within five times the minimum detection limit (MDL), the pollutant data should not be 
considered in the effectiveness analysis to avoid biased results. The evaluation can also become 
biased if an insufficient number of samples are analyzed.   
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CHAPTER 5 : DATA ANALYSES AND RESULTS 
5.1     Field Study Results and Discussion 
The methodology described in Section 4.3 was used to monitor the storm events 
summarized in this section. The date, season, antecedent dry period, and precipitation volume of 
each storm event are presented in Table 5.1.  Field study raw data is presented in Appendix C, 
while a log of sampling difficulties is presented in Appendix D.   
The total precipitation volume of a storm event is not an effective method to determine 
whether flow rate exceeded the maximum treatment flow rate since the entire storm duration was 
not monitored.  Table 5.2 presents the maximum treatment flow rates of each BMP unit used in 
the field study and the actual maximum flow rates of each monitored storm.  The results show 
that the Princeton site STC900 never exceeded the maximum treatment flow rate, while the 
Winyah CDS PSW100_100 was not properly sized and exceeded its maximum flow rate 
regularly. 
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Table 5.1: Monitored Storm Events  
 
Site Location 
Event Season 
Antecedent 
Dry Period 
(days)  
Total 
Precipitation
(inches) Princeton Formosa  Winyah
4/30/2003 Dry 4 1.14  !   ! √ 
6/5/2003 Wet 14 1.7  !   ! √ 
10/28/2003 Wet 17 0.32 √ √  ! 
12/14/2003 Dry 4 1.86 √ √ √ 
1/18/2004 Dry 35 1.03  !  √ √ 
3/16/2004 Dry 22 0.58 √ √  ! 
4/12/2004 Dry 3 0.57 √ √ √ 
      Total Events Sampled: 4 5 5 
√ = Successful sample collected that met minimum precipitation volumes for runoff 
 ! = Site difficulties existed (Appendix D for details) 
 
 
Table 5.2: Field Study Maximum Treatment and Actual Flow Rates 
 
  
Princeton 
STC900 
Formosa 
STC4800 
Winyah CDS 
PSW100_100 
Maximum 
Treatment 
Capacity 
0.64 cfs 1.77 cfs 64 cfs 
  Actual Maximum Recorded Flow Rate (cfs) 
Storm Event     
6/5/2003 ! ! 361.8 
10/28/2003 0.065 0.435 ! 
12/14/2003 0.203 0.073 267.1 
1/18/2004 ! 7.305 185.0 
3/16/2004 0.144 0.026 ! 
4/12/2004 0.23 0.098 N/A 
! = Site difficulties existed (Appendix D for details) 
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5.1.1      Princeton Stormceptor STC 900 Field Study Site 
The results of the analyses of the data collected from the Princeton site are shown in 
Figures 5.1 through 5.3.  The results show a reduction in concentration between influent and 
effluent for metals tested in the first three storms. In Figure 5.2, the results for some of the 
nutrients did not follow a similar trend as the metals.  The results suggest that the TN and TKN 
parameters increased between the influent and effluent of the unit.  During the monitoring 
period, sump material was not removed and the retained organics degraded over time. This 
theory is supported by Harper (1988) who suggests that soluble nutrients are released rapidly 
from plant matter after entering water. 
The STC900 performed well in solids removal from the October 28, 2003 small storm 
event, unlike the larger storm event performance.  This trend suggests that larger storm events 
can scour previously retained solids material.  It also emphasizes the need for good maintenance 
practices.  The results of TDS, TSS, turbidity, and hardness shown in Figure 5.3 also show low 
performance of the unit towards the end of the maintenance cycle.  The maintenance cycle is 
described in Section 2.8. 
Table 5.3 shows the percent load differences calculated using Equation 4.1.  The results, 
like the graphical representations, suggest that TN and TKN are not effectively removed by the 
STC900.  The difference between influent and effluent nitrogen loads is only one gram.   The 
STC900 was not designed to remove dissolved solids, only suspended sediment.   
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Figure 5.1: Princeton STC900 Site: Zinc and Iron 
 
 
 
Figure 5.2: Princeton STC900 Site: Nutrients 
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Figure 5.3: Princeton STC900: Solids 
 
 
Table 5.3: Princeton Cumulative Percent Load Difference 
 
Analyte 
Influent 
Load 
(g)  
Effluent 
Load 
(g)  
% Load 
Difference 
Cadmium ICP N/A N/A N/A 
Chromium Furnace N/A N/A N/A 
Copper ICP N/A N/A N/A 
Filterable (TDS) - Residues 1140 1230 -7.1 
Hardness 853 879 -3.0 
Iron ICP 8 6 18.4 
Lead ICP N/A N/A N/A 
Nickel ICP N/A N/A N/A 
Nitrate-Nitrite 3 2 15.9 
Nonfilterable (TSS) - Residues 556000 401000 27.8 
Phosphorus – Total 3 2 23.7 
Total Kjeldahl Nitrogen 14 15 -3.4 
Total Nitrogen 17 18 -8.7 
Zinc ICP 2 1 26.1 
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5.1.2   Formosa Stormceptor STC4800 Field Study Site 
The Formosa site watershed is larger than the Princeton site watershed.  As a result, the 
Formosa STC4800 is a much larger unit that takes more time for the sump to fill with material 
that can potentially scour as compared with the Princeton STC900. 
Maintenance was also not performed on the STC4800 during the monitoring period.  
Figures 5.4 through 5.6 suggest that the October 28, 2003 small storm event showed good 
removal results for all tested parameters.  The next monitored storm event on December 14, 
2003, which has the greatest precipitation volume, showed better removal effectiveness than the 
slightly smaller July 26, 2004 storm event occurring months into the maintenance cycle.  
The remaining monitored storm events at this site do not show consistent trends 
compared with the October 28, 2003 and December 14, 2003 storm events.  The results of the 
nutrients shown in Figure 5.5 only show the consistent trends in the extreme scenarios.  This is 
likely due to a nearby demolition project that increased TSS levels during the monitoring period. 
The curb inlet sediment trap was not consistently in place and sediment was often found at the 
inlet entrance.   
Table 5.4 shows poor TKN removal.  It is possible that grass clippings or deceased 
animals retained in the BMP sump decayed over time thus releasing nutrients.  Table 5.3 also 
suggests that the iron load was not reduced through treatment.   
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Figure 5.4: Formosa STC4800 Site: Zinc and Iron 
 
 
 
Figure 5.5: Formosa STC4800 Site: Nutrients 
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Figure 5.6: Formosa STC4800: Solids 
 
 
Table 5.4: Formosa Cumulative Percent Load Difference 
 
Analyte 
Influent 
Load 
(g)  
Effluent 
Load  
(g) 
% Load 
Difference 
Cadmium ICP N/A N/A N/A 
Chromium Furnace N/A N/A N/A 
Copper ICP N/A N/A N/A 
Filterable (TDS) - Residues 13700 11900 13.0 
Hardness 8730 12700 -45.7 
Iron ICP 58 81 -40.6 
Lead ICP N/A N/A N/A 
Nickel ICP N/A N/A N/A 
Nitrate-Nitrite 123 68 44.7 
Nonfilterable (TSS) - Residues 5160 6700 -29.7 
Phosphorus – Total 24 21 11.5 
Total Kjeldahl Nitrogen 191 224 -17.2 
Total Nitrogen 314 292 7.1 
Zinc ICP 19 16 17.7 
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5.1.3     Winyah CDS Field Study Site 
The Winyah CDS field study site treats a base flow, along with stormwater. There are 
several wells in the watershed that contribute to the influent water quality.  High concentrations 
of iron are likely a result of iron in the CDS unit (see Figure 5.7) or the well water in the base 
flow.   
        Unlike the other sites, maintenance occurred twice on this unit during the monitoring 
period.  Sump material removal was performed September 4, 2003 and April 10, 2004.  Figures 
5.8 through 5.11 suggest a direct relationship between maintenance and performance at this site.  
The December 14, 2003 and April 12, 2004 storm events that follow maintenance have increased 
removal effectiveness compared to other storms, with the exception of iron (see Figure 5.9).  In 
addition, the cumulative percent load differences are compared with the percent load differences 
of the individual storm events that occurred after maintenance was performed.  Table 5.5 shows 
significant stormwater pollutant reduction, with the exception of the nitrate/nitrite parameter, in 
both individual storm events compared with the cumulative percent load reduction.  
These results emphasize the importance of removing sump material on a periodic basis to 
prevent scour of sediments and leaching of organics.  Figure 5.10 shows an increase in the 
removal of organics after maintenance was performed while removal of organics from other 
storms was not consistent. 
Strynchuk et al. (2001) suggested that BMPs that store leaves, grass, and organic debris 
in wet conditions will not effectively remove nutrients since the organic material has been shown 
to leach out to the water within 1-22 days, depending on the pollutant.  The study also suggested 
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that in order to prevent nutrient laden water from flushing out of the BMP, maintenance should 
be performed every week or two. 
 
 
Figure 5.7: Inside View of Iron in CDS PSW100_100 Unit 
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Figure 5.8: Winyah CDS100 Site: Cadmium, Chromium, Copper, Lead, and Nickel 
 
 
  
Figure 5.9: Winyah CDS100 Site: Zinc and Iron 
Maintenance: 9/4/03 Maintenance: 4/10/04
Maintenance: 9/4/03 Maintenance: 4/10/04
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Figure 5.10: Winyah CDS100 Site: Nutrients 
 
 
  
Figure 5.11: Winyah CDS100 Site: Solids 
Maintenance: 9/4/03
Maintenance: 4/10/04
Maintenance: 9/4/03 Maintenance: 4/10/04
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Table 5.5: Winyah Percent Load Difference 
 
Cumulative 
Analyte Influent 
Load   
(g) 
Effluent 
Load 
(g) 
Cumulative 
% Load 
Difference 
12/14/2003 
% Load 
Difference 
4/12/2004 
% Load 
Difference
Cadmium ICP 16 19 -20 N/A N/A 
Chromium Furnace 677 516 23.9 23.9 N/A 
Copper ICP 3630 3560 1.8 14.9 73.9 
Filterable (TDS) - Residues 1.1E+07 6270000 40.4 80.6 24.0 
Hardness 7900000 7620000 3.5 12.8 20.0 
Iron ICP 317000 319000 -0.6 -23.4 70.0 
Lead ICP 7680 6910 10 30.2 66.8 
Nickel ICP 1430 1130 21.2 N/A 98.6 
Nitrate-Nitrite 36800 18100 50.7 46.7 33.3 
Nonfilterable (TSS) -  2.5E+07 2E+07 22 32.7 41.1 
Phosphorus - Total 125000 104000 16.8 30.7 57.6 
Total Kjeldahl Nitrogen 382000 337000 11.8 30.0 53.1 
Total Nitrogen 322000 261000 18.8 30.6 51.6 
Zinc ICP 19100 19200 -0.4 12.6 68.2 
Cadmium and nickel cumulative percent load differences are based on only one storm that met 
minimum requirements of 5*MDL. 
5.2     Simulated Storm Results and Discussion 
Each of the following units was simultaneously evaluated under laboratory conditions: 
BaySaver, CDS, and Stormceptor.  The laboratory study raw data are in Appendix E; however, 
the results are summarized in this section. 
5.2.1 BaySaver 1K Laboratory Study 
Five simulated storms were treated by the BaySaver 1K Separation System in the 
laboratory phase of this study.  Figure 5.12 shows the primary manhole after the final 
experimental run before the retained material was removed from the unit.  Sieve analyses results 
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describing retained sediment in the BaySaver primary and storage manholes are in Figures 5.13 
and 5.14.  The sediment retained in the primary manhole had an average d50 of 0.20 mm and was 
slightly coarser than the sediment with an average d50 of 0.19 mm found in the storage manhole.  
This difference was likely a result of the coarse sediment immediately settling in the primary 
manhole.  Also, the dry weight of sediments captured by the primary sump and storage sump 
were 129.9 lb and 60 lb, respectively. 
Simulated pollutant influent and effluent concentrations are shown in Figures 5.15 
through 5.19.  Cadmium, nickel, lead, and iron were eliminated from Figures 5.15 and 5.16 since 
these parameters were not introduced in significant concentrations.  In the heavy metals analyses, 
the expected trend of a larger decrease between influent and effluent concentrations in smaller 
flow rates versus larger flow rates was observed in chromium and copper, with the exception of 
the 1.6 cfs flow rate.  Zinc did not show this trend consistently.  Figure 5.17 shows no trend for 
nitrate-nitrite and equivalent influent and effluent concentrations for total nitrogen.  In the solids 
analyses, Figure 5.18 shows the expected trend for the governing parameter, TSS, while no trend 
was observed for TDS.  However, the unit was not designed to treat TDS.  Table 5.6 shows poor 
treatment for the nitrogen parameters and TDS.  As previously mentioned, scour due to lack of 
maintenance is likely the reason for poor nitrogen removal, while TDS removal was not expected 
to occur.  
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Figure 5.12: BaySaver Primary Manhole  
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Figure 5.13: Sieve Analysis of BaySaver Primary Manhole  
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Figure 5.14: Sieve Analysis of BaySaver Storage Manhole  
 
 
0
1
2
3
4
5
6
7
8
9
10
20% 40% 60% 80% 100%
C
on
ce
nt
ra
tio
n 
( μg
/L
)
Influent Chromium Furnace Effluent Chromium Furnace
Influent Copper ICP Effluent Copper ICP
  
Figure 5.15: BaySaver Lab Testing: Chromium and Copper 
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Figure 5.16: BaySaver Lab Testing: Zinc  
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 Figure 5.17: BaySaver Lab Testing: Nutrients 
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 Figure 5.18: BaySaver Lab Testing: Solids 
 
 
 
 
 Figure 5.19: BaySaver Lab Testing: Total Phosphorus 
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Table 5.6: BaySaver Cumulative Percent Load Difference 
 
Analyte Influent Load (g) 
Effluent 
Load (g) 
% Load 
Difference 
Cadmium N/A N/A N/A 
Chromium 0.54 0.91 -68.6 
Copper 0.75 0.54 28.6 
Iron N/A N/A N/A 
Lead  N/A N/A N/A 
Nickel  N/A N/A N/A 
Zinc 27.9 30.9 -10.7 
Phosphorus, Total 24.7 17.8 27.7 
Phosphorus, Ortho N/A N/A N/A 
Total Nitrogen 69.8 76.8 -10.1 
Nitrate/Nitrite 52.4 94.2 -79.7 
Residue, Filterable (TDS)  67300 68700 -2.1 
Residue, Nonfilterable (TSS) 18900 16900 10.6 
Copper performance is based on only one run where the data met minimum requirements of 
5*MDL 
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5.2.2     CDS Laboratory Analysis 
Figure 5.20 shows a typical CDS unit after a simulated storm event.  As previously 
mentioned, City of Orlando street sweepings and Miami lake fill were used to simulate 
stormwater pollutants.  Figures 5.21 through 5.23 show the result of sieve analyses on the 
sediment retained in the CDS entrance, sump, and after screening at the end of the experiment.  
The grain size distribution suggests that sediments accumulated on the fiberglass inlet of the 
CDS unit were coarser than the sediments retained in the CDS sump. It also suggests that the 
sediments on the CDS separation slab after screen were finer.  This trend follows Stokes Law, 
described in Section 2.4.5.1, that states that larger particles settle out of solution sooner than 
smaller particles.  
Similar to the BaySaver, cadmium, lead, nickel, and iron were eliminated from Figures 
5.24 and 5.25 due to lack of significant concentrations.  In Figure 5.24, chromium followed the 
expected trend (with the exception of the 0.96 cfs flow rate), while Figure 5.25 showed zinc 
following the expected trend with the exception of the 0.64 cfs flow rate.  Also similar to the 
BaySaver, Figure 5.26 shows no significant difference in the influent and effluent total nitrogen 
concentrations, with the exception of the 1.6 cfs flow rate.  The nitrate-nitrite parameter does not 
show any consistent trend over time.  In Figure 5.27, the TSS parameter shows the influent 
concentration to effluent concentration ratio decreased as the flow rate is increased.  The influent 
TSS concentration decreased with each increase in flow rate due to dilution.  As expected, the 
TDS parameter also does not show a trend over time.  The total phosphorus concentration in 
Figure 5.28 follows the same trend of decreasing performance with increasing flow rate.   
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Table 5.7 does not show any instances where the percent load out is greater than the 
percent load in.  It must be noted, however, that many of the parameters tested did not meet the 
minimum requirement of 5*MDL (see Section 4.4) and are listed as N/A. 
 
 
 
Figure 5.20: CDS at Conclusion of Laboratory Study 
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Figure 5.21: Sieve Analysis of CDS Entrance  
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Figure 5.22: Sieve Analysis of CDS Sump  
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Figure 5.23: Sieve Analysis of CDS after Screening  
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Figure 5.24: CDS Lab Testing: Cadmium 
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Figure 5.25: CDS Lab Testing: Zinc  
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Figure 5.26: CDS Lab Testing: Nitrogen 
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Figure 5.27: CDS Lab Testing: Solids 
 
 
 
Figure 5.28: CDS Lab Testing: Total Phosphorus 
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Table 5.7: CDS Cumulative Percent Load Difference 
 
Analyte Influent Load (g) 
Effluent 
Load (g)  
% Load 
Difference 
Cadmium N/A N/A N/A 
Chromium 0.62 0.52 16.7 
Copper N/A N/A N/A 
Iron N/A N/A N/A 
Lead  N/A N/A N/A 
Nickel  N/A N/A N/A 
Zinc 27.50 24.34 11.5 
Phosphorus, Total 30.0 20.5 31.5 
Phosphorus, Ortho N/A N/A N/A 
Total Nitrogen 119 62.1 47.9 
Nitrate/Nitrite 59.6 54.9 7.9 
Residue, Filterable (TDS)  107000 61100 42.6 
Residue, Nonfilterable (TSS)  18200 8700 52.2 
Chromium is based on only one run where data met minimum requirement of 5*MDL 
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5.2.3     Stormceptor STC4800 Laboratory Study 
The weir and inlet orifice of the Stormceptor unit is shown in Figure 5.29 following 
experimental testing.  The Stormceptor sump sieve analysis is shown in Figure 5.30.  
Approximately 90% of the sediment is finer than 0.6 mm based on weight. 
The metals analyses show that chromium, lead, nickel, and iron are not present in 
significant concentrations, and are eliminated from Figures 5.31 and 5.32.  The influent 
concentration of cadmium is consistently greater than the effluent concentration; however, this 
trend does not follow the flow volume.  Figure 5.32 shows the same trend for zinc, with the 
exception of the 0.96 cfs flow rate.  Conversely, Figure 5.33 shows the Stormceptor unit has an 
effluent total nitrogen concentration in three of the runs that is higher than its influent total 
nitrogen concentration.  A possible reason is the degradation of organic material.  No consistent 
nitrate-nitrite trend is recognized over time.  In Figures 5.34 and 5.35, the TSS governing 
parameter shows the influent concentration decreases relative to the effluent concentration as 
flow rate increases.  No trends are recognized in TDS or TP over time.  
 Table 5.8 shows an increase in percent difference between the influent and effluent 
concentrations of nitrate/nitrite and TDS.  As previously mentioned, nitrate-nitrite can be 
adversely influenced by lack of maintenance and none of the structural BMPs in this study were 
designed to remove dissolved solids.   
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Figure 5.29: Stormceptor Weir at Conclusion of Laboratory Study 
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Figure 5.30: Sieve Analysis of Stormceptor Sump  
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Figure 5.31: Stormceptor Lab Testing: Cadmium 
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Figure 5.32: Stormceptor Lab Testing: Zinc   
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Figure 5.33: Stormceptor Lab Testing: Nitrogen 
 
 
 
 
Figure 5.34: Stormceptor Lab Testing: Solids 
0.32 cfs                    0.62 cfs               0.96 cfs                     1.3 cfs                       1.6 cfs 
0.32 cfs                    0.62 cfs               0.96 cfs                     1.3 cfs                       1.6 cfs 
 113
 
Figure 5.35: Stormceptor Lab Testing: Total Phosphorus 
 
 
Table 5.8: Stormceptor Cumulative Percent Load Difference 
 
Analyte Influent Load (g) 
Effluent 
Load (g) 
% Load 
Difference 
Cadmium N/A N/A N/A 
Chromium 0.63 0.36 42.9 
Copper N/A N/A N/A 
Iron N/A N/A N/A 
Lead  N/A N/A N/A 
Nickel  N/A N/A N/A 
Zinc 26.2 25.5 2.7 
Phosphorus, Total 29.3 20.4 30.6 
Phosphorus, Ortho N/A N/A N/A 
Total Nitrogen 76.6 68.1 11.0 
Nitrate/Nitrite 65.1 74.5 -14.4 
Residue, Filterable (TDS)  57700 64500 -11.8 
Residue, Nonfilterable (TSS)  16200 7340 54.6 
Chromium is based on only one run where data met minimum requirements of 5*MDL 
   
0.32 cfs                    0.62 cfs               0.96 cfs                     1.3 cfs                       1.6 cfs 
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5.3 Laboratory Study Mass Balance 
Figure 5.36 shows the inside of a typical inflow pipe.  Sediment settled in the inflow pipe 
and coarse particles settled in the splitter.  Sieve analysis results of sediment retained in the 
splitter is shown in Figure 5.37.  The sediment in the pipe affected the ability to perform a mass 
balance on the total amount of sediment added to the system versus the amount recovered in each 
unit, respectively.  Furthermore, the assumption that the added sediment was equally distributed 
into each of the three units could not be validated.  Finally, some of the sediments were left 
inside the Stormceptor unit due to cleaning limitations. The pump was not able to drain all of the 
water from the unit making it difficult to collect all of the sediments.  As a result, the mass 
balance was only performed on gross pollutants added to each unit through its sampling point.   
Figure 5.38 shows the cumulative retained litter for each unit.  The black horizontal line 
above each column represents the total item count of each parameter added.  The gross litter 
percent removal efficiencies for each unit are presented in Table 5.9.  It is apparent that the 
leaves and twigs are the pollutant that all units had the most difficulty retaining.  The organics 
removed by the BaySaver, CDS, and Stormceptor units are 57.3%, 72.7%, and 66.4%, 
respectively. However, it is possible that some of the organics disintegrated during the treatment 
process.  As a result, the organics removal efficiencies of the devices are low.   
In the BaySaver unit, 71.4% of the captured organics were in the primary manhole sump, 
while the remainder was located in the storage sump.  In the CDS unit, 78.8% of the captured 
organics were found in the sump, while 11.25% of the organics were located at the fiberglass 
inlet to the screen.  The remaining 10% of the recovered organics were located in the CDS inlet 
pipe.   
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A lower inlet velocity was responsible for the recovered organics in the CDS inlet pipe, 
along with other simulated pollutants.  The average water level in the inlet pipe to the CDS unit 
was greater than the BaySaver and Stormceptor water levels.  The low inlet velocity in the CDS 
unit could be attributed to the effect of the weir at the inlet which forced a backwater condition.  
Another possible reason for the low CDS inlet pipe velocity could be attributed to the tangential 
velocity of the treatment mechanism of the unit. This action may promote actions against the 
inlet velocity, causing a reduction in inlet velocity.  
The low inflow velocity to the CDS unit caused about 4.5 lb (dry weight) of sediment to 
collect in the CDS inlet pipe, while negligible amounts were found in the BaySaver and 
Stormceptor inlet pipes.  In addition, about 24.8 lb of sediment accumulated at the fiberglass 
inlet to the screen, causing a blockage.  Blockages can potentially cause flooding issues.  
Cigarette butts, to a lesser extent, were also difficult to remove and become compacted 
during the treatment process.  For the soda cans, plastic bottles, plastic bags, and cigarette boxes, 
the Stormceptor unit produced high gross litter removal efficiencies, while the CDS unit had 
100% removal efficiencies.   
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Figure 5.36: Bedload Sediment Located in Influent Pipe 
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Figure 5.37: Sieve Analysis of Splitter  
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        Note: Horizontal bars represent total item count added to each unit 
Figure 5.38: Gross Litter Cumulative Data Distribution in Each Unit 
 
 
Table 5.9: Gross Litter Removal Efficiency of Each Unit 
 
Removal Efficiency (%) 
Gross Litter BaySaver CDS Stormceptor 
Organics (Leaves/Twigs) 57.3 72.7 66.4 
Metal Soda Cans 86.7 100 93.3 
Plastic Bottles 66.7 100 88.9 
Plastic Bags 66.7 100 100 
Cigarette Butts 53.3 86.7 80 
Cigarette boxes 67.7 100 100 
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5.4 Comparison of Studied BMP Units 
A comparison between the percent load differences for each BMP unit in both field and 
laboratory studies are available in Tables 5.10 and 5.11.  The results show that some of the 
pollutants decreased in concentration while others increased between the influent and the effluent 
of the units. Some pollutants were undetected or too close to the MDL in the influent and/or 
effluent concentrations.  
 
Table 5.10: Field Study Percent Load Differences 
 
% Load Differences 
Analyte Princeton 
STC900 
Formosa 
STC4800
Winyah 
PSW100_100 
Cadmium ICP N/A N/A -20 
Chromium Furnace N/A N/A 23.9 
Copper ICP N/A N/A 1.8 
Filterable (TDS)  -7.1 13 40.4 
Hardness -3 -45.7 3.5 
Iron ICP 18.4 -40.6 -0.6 
Lead ICP N/A N/A 10 
Nickel ICP N/A N/A 21.2 
Nitrate-Nitrite 15.9 44.7 50.7 
Nonfilterable (TSS)  27.8 -29.7 22 
Phosphorus – Total 23.7 11.5 16.8 
Total Kjeldahl Nitrogen -3.4 -17.2 11.8 
Total Nitrogen -8.7 7.1 18.8 
Zinc ICP 26.1 17.7 -0.4 
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Table 5.11: Laboratory Study Percent Load Differences 
 
% Load Differences 
Analyte BaySaver CDS Stormceptor 
Cadmium N/A N/A N/A 
Chromium -68.6 16.7 42.9 
Copper 28.6 N/A N/A 
Iron N/A N/A N/A 
Lead N/A N/A N/A 
Nickel N/A N/A N/A 
Zinc -10.7 11.5 2.7 
Phosphorus, Total 27.7 31.5 30.6 
Phosphorus, Ortho N/A N/A N/A 
Total Nitrogen -10.1 47.9 11.0 
Nitrate/Nitrite -79.7 7.9 -14.4 
Residue, Filterable (TDS) -2.10 42.6 -11.8 
Residue, Nonfilterable (TSS) 10.6 52.2 54.6 
 
Heavy metals showed negative load reductions for iron, chromium, and zinc for some 
instances in both the field and laboratory studies.  The Formosa STC4800 and Winyah CDS 
PSW100_100 had negative load reductions for iron, which could be attributed to stormwater 
seeping through the rusted iron cover of the units and/or the rusted steel bars and bolts inside the 
units.  Other heavy metals such as lead, nickel, cadmium, chromium, copper and zinc were not 
detected or detected with concentrations close to the MDL. 
Nutrients were oftentimes problematic to remove.  The existence of water in a sump for 
an extended period of time might limit the oxidation of the ammonia or increase ammonia 
fixation to the sediments, leading to higher total nitrogen levels in the effluent.  Ortho-
phosphorous was not detected in influent or effluent samples in all tests.  
The TSS load reductions for the Princeton STC900, Formosa STC4800, and Winyah 
PSW100_100 in the field study were 27.8%, -29.7%, and 22.0%, respectively, while the 
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BaySaver, CDS, and Stormceptor units in the laboratory study were 10.6%, 52.2%, and 54.6% 
respectively.   
In addition to stormwater samples, the mass balance performed in the laboratory study is 
a useful comparison tool.  Table 5.12 suggests that the Stormceptor unit captured finer sediment 
than the BaySaver (primary and storage sumps) and the CDS sump. This may be attributed to the 
Stormceptor unit’s greater sump diameter compared with the other BMPs, resulting in more time 
for the fine sediments to settle inside the sump and less likely to scour during high flows. 
 
Table 5.12: Laboratory Study Retained Sediment Sieve Analysis  
 
BMP Unit Grain Size (mm)
CDS Sump 0.33 
BaySaver Primary Sump 0.20 
BaySaver Storage Sump 0.19 
Stormceptor Sump 0.17 
                                       Based on the grain size 50% finer by weight 
 
There are strengths and weaknesses for each of the studied BMPs, such as costs, 
efficiency, and average size of particles retained.  Prior to the implementation of a BMP device, 
a balance between these factors must be met to determine the most appropriate unit based on site 
characteristics and treatment goals. 
Each of the evaluated units provided good performance in removing gross litter. 
However, the low inflow velocity of the CDS unit increased gross litter removal As a result, the 
CDS unit is a valuable litter control tool.  Finer sediments were captured by the Stormceptor unit, 
making it more likely to reduce the sedimentation of a waterbody than the other BMP units.  
Finally, Table 4.4 shows the BaySaver is the least cost restrictive of the studied BMPs.  
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5.5 Comparison with Literature Review Studies 
The UCF field and laboratory results presented in this study are compared in this section 
with similar studies described in the Chapter Three Literature Review. 
5.5.1 BaySaver Results Comparison 
The University of Maryland conducted both field and laboratory studies on the BaySaver 
Separation System.  However, a model 3K with a maximum treatment flow rate of 7.8 cfs was 
used.  The UCF study evaluated a 1K model with a maximum treatment flow of 2.4 cfs.  In 
addition, the University of Maryland methodology summarized in Sections 3.2.1.1 and 3.2.2.1 
differed from the methodology of the UCF study.   
In the University of Maryland field study, an average peak flow rate of 10.37 cfs resulted 
in an average TSS removal of 88%.  The laboratory simulation resulted in a TSS removal rate 
of 71% for an average d50 of 370 μm.  The University of Central Florida study reported a 
10.6% TSS percent load reduction for the laboratory evaluation of a 1K BaySaver Separation 
System. 
5.5.2 CDS Results Comparison 
A CDS model PSW50_42, with a maximum treatment flow rate of 9 cfs, was monitored  
in a Brevard County, Florida field study.  In the University of Central Florida field study, a 
PSW100_100 with a maximum treatment flow rate of 64 cfs was monitored, while the laboratory 
study evaluated a CDS model PMUSU_19 with a maximum treatment flow of 1.6 cfs.  The 
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Brevard County study reported a TSS removal of 52% for three storm events that had flow rates 
of 0.2, 0.3, and 2.5 cfs corresponding to 2%, 3%, and 28% of the maximum treatment flow rate, 
respectively.  
 The UCF laboratory study also reported a 52% TSS percent load reduction for the five 
simulated storm events that ranged in flow between 20-100% of the maximum treatment flow 
rate.  The field study reported a 22% TSS percent load reduction; however, each monitored 
storm exceeded the maximum treatment flow rate.   
5.2.3 Stormceptor Results Comparison 
A Como Park, Minnesota Stormceptor field study, performed by Service  
Environmental and Engineering, reported 76% TSS removal.  The maximum treatment flow rate 
of the evaluated STC1800 model was 0.64 cfs.  With the exception of one storm that produced 
an average flow rate of 1.19 cfs, the remaining seven storms did not exceed the maximum 
treatment flow rate.  Please see Section 3.2.2.3 for more details of this study.   
 A similar field study was performed by Environmental Sampling and Technology on a 
Stormceptor model STC1200.  The maximum treatment flow of this unit was 0.64 cfs.  The 
maximum flow rate experienced for the three monitored storm events was 0.007 cfs.  This study 
reported a 93% TSS removal rate.   
 The UCF laboratory study reported a 55% TSS percent load reduction for the five 
simulated storm events.  In addition, the Princeton STC900 field study reported a maximum flow 
rate of 0.23 cfs, or 36% of its maximum treatment flow rate of 0.64 cfs corresponding to a  28% 
TSS percent load reduction. 
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CHAPTER 6 : CONCLUSION AND RECOMMENDATIONS 
Recent research has emphasized the importance of water quality in stormwater 
management prompting municipalities to implement BMPs to meet NPDES and TMDL 
requirements.  As a result, companies are producing proprietary treatment devices to meet this 
need.  Unfortunately, little independent research has been performed to date on these new BMPs.  
The author of study evaluated three proprietary BMP units, BaySaver, CDS, and 
Stormceptor, operating in field and laboratory conditions.  Automatic water samplers collected 
influent and effluent samples used to obtain the field phase event mean concentrations of the 
following pollutants: Cadmium Inductively Coupled Plasma (ICP), Chromium Furnace, Copper 
ICP, Filterable (TDS) – Residues, Hardness, Iron ICP, Lead ICP, Nickel ICP, Nitrate - Nitrite, 
Nonfilterable (TSS) – Residues, Phosphorus – Total, Total Kjeldahl Nitrogen, Total Nitrogen, 
Turbidity, and Zinc ICP.   
Storm events were simulated at the UCF Stormwater Management Laboratory Facility 
for the second phase of this study using pond water to achieve varied flow rates through the 
units.  Automatic water samplers collected influent and effluent samples that were analyzed for 
the following parameters: Cadmium, Chromium, Copper, Iron, Lead, Nickel, Zinc, Phosphorous 
(total and ortho), Nitrogen (total and nitrate/nitrite), and Residues (filterable TDS and non-
filterable TSS).  In addition, a mass balance of sediment and gross pollutants was performed.  
Data analyses included graphical interpretations and percent load difference calculations.   
The field phase of this study emphasized the importance of proper BMP maintenance.  
Maintenance was not performed at two of the monitored sites and the effectiveness of the units 
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decreased with time. This trend was most likely due to high flow rates scouring previously 
retained material at sites where maintenance was not performed.  Maintenance was performed on 
a third site twice during the field study phase. This site showed a general increase in pollutant 
removal for storm events that occurred after maintenance.   
In most cases, influent concentrations of smaller storm events exceeded effluent 
concentrations, but not for large events due to scour.  This trend was also recognized in the 
laboratory phase of the study, where flow rate was the controlled parameter.  This result suggests 
that an increase in flow rate, especially beyond the maximum treatment flow rate, decreases 
BMP effectiveness. 
TSS concentrations are oftentimes considered the governing parameter in stormwater 
treatment.  The TSS load reductions for the Princeton STC900, Formosa STC4800, and Winyah 
PSW100_100 in the field study were 27.8%, -29.7%, and 22.0%, respectively, while the 
BaySaver, CDS, and Stormceptor units in the laboratory study were 10.6%, 52.2%, and 54.6% 
respectively.  Removal of sediment from stormwater should also remove any adsorbed 
pollutants.  Therefore, an increase in TSS removal results in an increase in the removal of some 
pollutants of concern including nutrients and metals.  This trend, however, was not consistent for 
all parameters analyzed, such as nutrients and TDS.  The studied BMPs are not designed to treat 
dissolved solids.   
Usually, phosphorus and nitrogen are often found in the dissolved state.  Organics in the 
sump of the units may also explain increases in nutrient concentrations.  Inconsistent removal of 
nutrients can also be explained by the leaching of nutrients from material caught in the sump of 
the device.  A BMP that is not sufficiently maintained can actually become a source of pollutants 
as previously collected organics are allowed to degrade in the permanent pool of the unit.  It is 
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not uncommon for deceased animals to be observed in treatment units.  It is not known whether 
the animals fall and drown or stormwater carries the carcasses into the BMPs. However, as the 
bodies decay, nutrients may be released.  Finally, it is possible that nutrients in organic debris 
may be churned and released during the stormwater treatment process in the BMP.  
 In addition to the stormwater samples, a mass balance was performed during the 
laboratory study.  The results show each unit provides great removal of gross litter from 
stormwater.  A comparison of the BMP units evaluated show the importance of considering the 
stormwater treatment goals of a site based on pollutant characteristics.  Each device has its 
strengths and weaknesses.  A balance between costs, efficiency, and average retained particle 
size must be met. 
The field and laboratory phases of this study show that proprietary BMPs are a valuable 
stormwater treatment tool in meeting the NPDES and TMDL requirements.  However, the 
importance of proper unit sizing and maintenance is emphasized to avoid scour concerns.  A 
BMP that is not properly maintained can actually become a source of stormwater contamination 
as previously retained organics degrade in the unit’s permanent pool.   
It is recommended that future evaluations of proprietary BMP devices study long-term 
trends in receiving water quality.  In addition, the validity of manufacturer’s oil and grease 
removal claims and maintenance intervals should be investigated.   
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APPENDIX A: FIELD STUDY LOCATION MAPS 
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Figure A.1:  Princeton Stormceptor STC900 Location and Elevation Map 
 
 
 
 
Figure A.2:  Princeton Stormceptor STC900 Stormwater Routing Map 
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Figure A.3:  Princeton Stormceptor STC900 Schematic 
 
 
 
 
Figure A.4:  Formosa Stormceptor STC4800 Location and Elevation Map 
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Figure A.5:  Formosa Stormceptor STC4800 Routing Map 
 
 
 
Figure A.6: Formosa Stormceptor ST4800 Schematic 
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Figure A.7: Winyah CDS 100 Routing Map 
 
 
 
 
Figure A.8: Laboratory Study: BaySaver 1K Storage Manhole Schematic 
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Figure A.9: Laboratory Study: BaySaver 1K Separator Manhole Schematic 
 
 
 
Figure A.10:  Laboratory Study: CDS 100 Schematic 
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Figure A.11: Laboratory Study: Stormceptor ST4800 Schematic 
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APPENDIX B: EXAMPLE OF CHAIN OF CUSTODY  
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Figure B.1: Field Study Chain of Custody 
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Figure B.2: Laboratory Study Chain of Custody 
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APPENDIX C: FIELD TESTING RAW CONCENTRATION DATA 
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Table C.1: Field Testing Raw Concentration Data: May 1, 2003 
 
Analyte MDL Unit 5*MDL Influent Concentration
Effluent 
Concentration Q 
Cadmium, Total 0.2 μg/L 1 1.2 0.6 I 
Chromium, Total 1 μg/L 5 5.60 4.3  
Copper, Total 2.5 μg/L 12.5 14.5 13.0  
Solids, Total Dissolved 5.0 mg/L 25 50.0 58.0  
Hardness as CaCO3 2.50 mg/L 12.5 40.3 41.9  
Iron, Total 15.0 μg/L 75 1.1 973 J4 
Lead, Total 0.6 μg/L 3 62.5 56 J4 
Nickel, Total 2.5 μg/L 12.5 <2.5 <2.5  J4 
TSS 1.00 mg/L 5 98.0 58.0  
Total Phosphorus as P  0.050 mg/L 0.25 0.377 0.362  
Kjeldahl Nitrogen as N 0.050 mg/L 0.25 0.725 1.04  
Turbidity 0.10 NTU 0.5 26.0 13.0  
Zinc, Total 10 μg/L 50 208.9 147.1 J4 
Calcium, Total 0.5000 mg/L 2.5 15.05 15.65  
Nitrate-N as N 0.0200 mg/L 0.1 0.264 0.307  
Nitrite-N as N 0.0050 mg/L 0.025 0.0260 0.0270  
Magnesium, Total 0.0500 mg/L 0.25 0.6500 0.6750  
Nitrate-Nitrite    0.2900 0.3340  
Total Nitrogen       1.0150 1.3740  
Qualifier Definitions:       
I = Reported value is between the laboratory method detection limit and the laboratory 
practical quantitation limit 
J4 = Sample matrix interfered with the ability to make an accurate determination  
Shaded field implies concentration falls within five times the MDL value  
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Table C.2: Field Testing Raw Data: Winyah June 5, 2003 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium, Total 0.1 μg/L 0.5 0.5 0.6 
Chromium, Total 5.0 μg/L 25 6.1 6.2 
Copper 2.0 μg/L 10 44.0 23.3 
Solids, Total Dissolved 5.0 mg/L 25 134 108 
Hardness as CaCO3 2.50 mg/L 12.5 49.9 55.5 
Iron, Total 15.0 μg/L 75 1791 1648 
Lead, Total 1.5 μg/L 7.5 84 86 
Nickel, Total 2.5 μg/L 12.5 44.4 35 
Nitrate-Nitrite by Cad. Red. 0.020 mg/L 0.1 0.239 0.243 
Solids, Total Suspended 1.00 mg/L 5 229 208 
Total Phosphorus as P  0.050 mg/L 0.25 1.72 1.42 
Kjeldahl Nitrogen as N 0.250 mg/L 1.25 2.79 2.69 
Turbidity 0.10 NTU 0.5 139 160 
Zinc, Total 10 μg/L 50 136.0 133.9 
Calcium, Total 0.5000 mg/L 2.5 18.70 20.85 
Magnesium, Total 0.0500 mg/L 0.25 0.7800 0.8350 
Total Nitrogen       3.029 2.933 
Shaded field implies concentration falls within five times the MDL value  
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Table C.3: Field Testing Raw Concentration Data: Winyah December 14, 2003 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium ICP 1 μg/L 5 <0.5 <0.5 
Chromium Furnace 2 μg/L 10 15.5 11.8 
Copper ICP 3 μg/L 15 34.3 29.2 
Filterable (TDS) - Residues 1 mg/L 5 72 14 
Hardness 2 mg/L 10 94.0 82.0 
Iron ICP 20 μg/L 100 3120 3850 
Lead ICP 3 μg/L 15 93.4 65.2 
Nickel ICP 2 μg/L 10 4.5 3.5 
Nitrate-Nitrite 0.01 mg/L 0.05 0.15 0.08 
Nonfilterable (TSS) - Residues 1 mg/L 5 281 189 
Phosphorus - Total 0.005 mg/L 0.025 1.09 0.755 
Total Kjeldahl Nitrogen 0.2 mg/L 1 4.30 3.01 
Total Nitrogen 0.2 mg/L 1 4.45 3.09 
Turbidity 0.1 NTU 0.5 65 60 
Zinc ICP 2 μg/L 10 261 228 
Shaded field implies concentration falls within five times the MDL value  
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Table C.4: Field Testing Raw Concentration Data: Winyah January 18, 2004 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium ICP 1 μg/L 5 <0.5 <0.5 
Chromium Furnace 2 μg/L 10 4.5 6.1 
Copper ICP 3 μg/L 15 20.8 44.9 
Filterable (TDS) - Residues 10 μg/L 50 90 64 
Hardness 2 mg/L 10 64.0 66.0 
Iron ICP 20 μg/L 100 3610 2870 
Lead ICP 3 μg/L 15 26.7 37.9 
Nickel ICP 2 μg/L 10 2.2 3.2 
Nitrate-Nitrite 0.01 mg/L 0.05 0.66 0.20 
Nonfilterable (TSS) - Residues 1 mg/L 5 159 135 
Phosphorus - Total 0.005 mg/L 0.025 0.657 0.751 
Total Kjeldahl Nitrogen 0.2 mg/L 1 3.06 3.49 
Total Nitrogen 0.2 mg/L 1 3.72 3.69 
Turbidity 0.1 NTU 0.5 45 23 
Zinc ICP 2 μg/L 10 98.3 145 
Shaded field implies concentration falls within five times the MDL value  
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Table C.5: Field Testing Raw Concentration Data: Winyah April 12, 2004 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium ICP 1 μg/L 5 0.7 <0.5 
Chromium Furnace 2 μg/L 10 246 3.8 
Copper ICP 3 μg/L 15 39.1 10.2 
Filterable (TDS) - Residues 10 mg/L 50 150 114 
Hardness 2 mg/L 10 70 56 
Iron ICP 20 μg/L 100 3290 987 
Lead ICP 3 μg/L 15 54.8 18.2 
Nickel ICP 2 μg/L 10 124 1.7 
Nitrate-Nitrite 0.01 mg/L 0.05 0.57 0.38 
Nonfilterable (TSS) - Residues 1 mg/L 5 270 159 
Phosphorus - Total 0.005 mg/L 0.025 1.17 0.496 
Total Kjeldahl Nitrogen 0.2 mg/L 1 6.74 3.16 
Total Nitrogen 0.2 mg/L 1 7.31 3.54 
Turbidity 0.1 NTU 0.5 63 66 
Zinc ICP 2 μg/L 10 197 62.7 
Shaded field implies concentration falls within five times the MDL value  
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Table C.6: Field Testing Raw Concentration Data: Formosa October 28, 2003 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium ICP 1 μg/L 5 <0.5 <0.5 
Chromium Furnace 2 μg/L 10 5.3 <1.0 
Copper ICP 3 μg/L 15 24.9 <1.5 
Filterable (TDS) - Residues 1 mg/L 5 290 88.0 
Hardness 2 mg/L 10 116 64.0 
Iron ICP 20 μg/L 100 681 456 
Lead ICP 3 μg/L 15 23.0 4.4 
Nickel ICP 2 μg/L 10 11.3 <1.0 
Nitrate-Nitrite 0.01 mg/L 0.05 0.96 0.02 
Nonfilterable (TSS) - Residues 1 mg/L 5 69.0 2.8 
Phosphorus - Total 0.005 mg/L 0.025 0.320 0.053 
Total Kjeldahl Nitrogen 0.2 mg/L 1 3.73 0.88 
Total Nitrogen 0.2 mg/L 1 4.69 0.9 
Turbidity 0.1 NTU 0.5 62.0 1.6 
Zinc ICP 2 μg/L 10 269 8.2 
Shaded field implies concentration falls within five times the MDL value  
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Table C.7: Field Testing Raw Concentration Data: Formosa December 14, 2003 
 
Analyte MDL Unit 5*MDL Influent Concentration
Effluent 
Concentration
Effluent 
Duplicate 
Concentration
Effluent 
Average 
Concentration
Cadmium ICP 1 μg/L 5 <0.5 <0.5 <0.5 N/A 
Chromium Furnace 2 μg/L 10 2.0 1.8 1.8 1.8 
Copper ICP 3 μg/L 15 7.3 5.2 5.2 5.2 
Filterable (TDS) - Residues 1 mg/L 5 40 96 50 73.0 
Hardness 2 mg/L 10 46.0 70.0 76.0 73.0 
Iron ICP 20 μg/L 100 276 444 443 443.5 
Lead ICP 3 μg/L 15 5.7 11.0 11.1 11.1 
Nickel ICP 2 μg/L 10 1.1 1.3 1.5 1.4 
Nitrate-Nitrite 0.01 mg/L 0.05 0.34 0.18 0.19 0.2 
Nonfilterable (TSS) - Residues 1 mg/L 5 39 19 25 22.0 
Phosphorus - Total 0.005 mg/L 0.025 0.132 0.138 0.147 0.1 
Total Kjeldahl Nitrogen 0.2 mg/L 1 0.99 1.48 1.58 1.5 
Total Nitrogen 0.2 mg/L 1 1.33 1.66 1.77 1.7 
Turbidity 0.1 NTU 0.5 8.1 5.7 6.4 6.1 
Zinc ICP 2 μg/L 10 77.3 84.5 82.9 83.7 
Shaded field implies concentration falls within five times the MDL value    
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Table C.8: Field Testing Raw Concentration Data: Formosa January 18, 2004 
 
Analyte MDL Unit 5*MDL Influent Concentration
Influent 
Duplicate 
Result 
Average 
Influent 
Concentration
Effluent 
Concentration
Cadmium ICP 1 μg/L 5 0.7 0.6 0.65 <0.5 
Chromium Furnace 2 μg/L 10 2.0 1.7 1.85 1.8 
Copper ICP 3 μg/L 15 9.0 8.4 8.7 7.0 
Filterable (TDS) - Residues 10 mg/L 50 66 70 68 60 
Hardness 2 mg/L 10 44.0 46.0 45 68.0 
Iron ICP 20 μg/L 100 307 285 296 433 
Lead ICP 3 μg/L 15 5.5 5.3 5.4 6.2 
Nickel ICP 2 μg/L 10 1.8 1.9 1.85 1.8 
Nitrate-Nitrite 0.01 mg/L 0.05 0.67 0.66 0.665 0.38 
Nonfilterable (TSS) - Residues 1 mg/L 5 26.3 25.6 25.95 36.8 
Phosphorus - Total 0.005 mg/L 0.025 0.126 0.119 0.1225 0.110 
Total Kjeldahl Nitrogen 0.2 mg/L 1 0.94 0.94 0.94 1.16 
Total Nitrogen 0.2 mg/L 1 1.61 1.6 1.605 1.54 
Turbidity 0.1 NTU 0.5 11 11 11 8.3 
Zinc ICP 2 μg/L 10 102 93.1 97.55 84.4 
Shaded field implies concentration falls within five times the MDL value    
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Table C.9: Field Testing Raw Concentration Data: Formosa March 16, 2004 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium ICP 1 μg/L 5 1.1 1.1 
Chromium Furnace 2 μg/L 10 1.2 1.1 
Copper ICP 3 μg/L 15 6.7 5.8 
Filterable (TDS) - Residues 10 mg/L 50 <20 62.0 
Hardness 2 mg/L 10 48.0 76.0 
Iron ICP 20 μg/L 100 284 509 
Lead ICP 3 μg/L 15 5.2 5.9 
Nickel ICP 2 μg/L 10 2.4 2.6 
Nitrate-Nitrite 0.01 mg/L 0.05 0.20 0.16 
Nonfilterable (TSS) - Residues 1 mg/L 5 19.2 32.4 
Phosphorus - Total 0.005 mg/L 0.025 0.108 0.257 
Total Kjeldahl Nitrogen 0.2 mg/L 1 0.86 1.79 
Total Nitrogen 0.2 mg/L 1 1.06 1.95 
Turbidity 0.1 NTU 0.5 12.8 14.2 
Zinc ICP 2 μg/L 10 67.9 87.9 
Shaded field implies concentration falls within five times the MDL value  
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Table C.10: Field Testing Raw Concentration Data: Formosa April 12, 2004 
 
Analyte MDL Unit 5*MDL Influent Concentration
Effluent 
Concentration
Effluent 
Duplicate 
Concentration
Effluent 
Average 
Concentration
Cadmium ICP 1 μg/L 5 <0.5 <0.5 <0.5 N/A 
Chromium Furnace 2 μg/L 10 4.9 4.1 3.6 3.9 
Copper ICP 3 μg/L 15 17.8 18.5 18.2 18.4 
Filterable (TDS) - Residues 10 mg/L 50 156 262 264 263.0 
Hardness 2 mg/L 10 54 70 70 70.0 
Iron ICP 20 μg/L 100 626 530 513 521.5 
Lead ICP 3 μg/L 15 15.6 10.8 10.6 10.7 
Nickel ICP 2 μg/L 10 3.5 4.4 3.9 4.2 
Nitrate-Nitrite 0.01 mg/L 0.05 0.51 0.24 0.23 0.2 
Nonfilterable (TSS) - Residues 1 mg/L 5 63.6 26.8 47.2 37.0 
Phosphorus - Total 0.005 mg/L 0.025 0.224 0.272 0.244 0.3 
Total Kjeldahl Nitrogen 0.2 mg/L 1 2.22 2.93 2.98 3.0 
Total Nitrogen 0.2 mg/L 1 2.73 3.17 3.21 3.2 
Turbidity 0.1 NTU 0.5 15 14 16 15.0 
Zinc ICP 2 μg/L 10 152 133 128 130.5 
Shaded field implies concentration falls within five times the MDL value    
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Table C.11: Field Testing Raw Concentration Data: Formosa July 26, 2004 
 
Analyte MDL Unit 5*MDL Influent Concentration
Effluent 
Concentration
Effluent 
Duplicate 
Concentration
Effluent 
Average 
Concentration
Cadmium        
Chromium Furnace 2 μg/L 10 2.0 1.8 3.9 2.9 
Copper ICP 3 μg/L 15 5.9 5.1 11.1 8.1 
Filterable (TDS) - Residues 10 mg/L 50 70 120 126 123.0 
Hardness 2 mg/L 10 36.0 70.0 76.0 73.0 
Iron ICP 20 μg/L 100 290 522 930 726.0 
Lead ICP 3 μg/L 15 8.1 7.8 13.8 10.8 
Nickel ICP 2 μg/L 10 1.0 1.1 1.9 1.5 
Nitrate-Nitrite 0.01 mg/L 0.05 0.60 0.55 0.43 0.5 
Nonfilterable (TSS) - 
Residues 1 mg/L 5 34.4 28.6 47.2 37.9 
Phosphorus - Total 0.005 mg/L 0.025 0.080 0.167 0.200 0.2 
Total Kjeldahl Nitrogen 0.2 mg/L 1 1.08 1.52 1.78 1.7 
Total Nitrogen 0.2 mg/L 1 1.68 2.07 2.21 2.1 
Turbidity 0.1 NTU 0.5 6.32 6.75 6.81 6.8 
Zinc ICP 2 μg/L 10 97.0 119 253 186.0 
Shaded field implies concentration falls within five times the MDL value    
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Table C.12: Field Testing Raw Concentration Data: Princeton October 28, 2003 
 
Analyte MDL Unit 5*MDL Influent Concentration
Effluent 
Concentration
Effluent 
Duplicate 
Concentration
Effluent 
Average 
Concentration
Cadmium ICP 1 μg/L 5 <0.5 <0.5 <0.5 N/A 
Chromium Furnace 2 μg/L 10 3.8 1.9 2.0 2.0 
Copper ICP 3 μg/L 15 11.3 2.4 2.7 2.6 
Filterable (TDS) - Residues 1 mg/L 5 186 120 124 122.0 
Hardness 2 mg/L 10 104 88.0 84.0 86.0 
Iron ICP 20 μg/L 100 818 785 812 798.5 
Lead ICP 3 μg/L 15 9.3 5.0 5.3 5.2 
Nickel ICP 2 μg/L 10 3.5 1.4 1.4 1.4 
Nitrate-Nitrite 0.01 mg/L 0.05 0.32 0.08 0.07 0.1 
Nonfilterable (TSS) - Residues 1 mg/L 5 25.5 9.0 8.4 8.7 
Phosphorus - Total 0.005 mg/L 0.025 0.188 0.208 0.183 0.2 
Total Kjeldahl Nitrogen 0.2 mg/L 1 2.22 2.57 2.32 2.4 
Total Nitrogen 0.2 mg/L 1 2.54 2.65 2.39 2.5 
Turbidity 0.1 NTU 0.5 29.0 7.5 7.7 7.6 
Zinc ICP 2 μg/L 10 89.7 20.0 23.0 21.5 
Shaded field implies concentration falls within five times the MDL value    
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Table C.13: Field Testing Raw Concentration Data: Princeton December 14, 2003 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium ICP 1 μg/L 5 <0.5 <0.5 
Chromium Furnace 2 μg/L 10 4.5 3.2 
Copper ICP 3 μg/L 15 9.6 9.3 
Filterable (TDS) - Residues 1 mg/L 5 24 20 
Hardness 2 mg/L 10 40.0 38.0 
Iron ICP 20 μg/L 100 472 268 
Lead ICP 3 μg/L 15 13.3 8.1 
Nickel ICP 2 μg/L 10 1.7 1.5 
Nitrate-Nitrite 0.01 mg/L 0.05 0.05 0.06 
Nonfilterable (TSS) - Residues 1 mg/L 5 34 19 
Phosphorus - Total 0.005 mg/L 0.025 0.166 0.108 
Total Kjeldahl Nitrogen 0.2 mg/L 1 0.43 0.69 
Total Nitrogen 0.2 mg/L 1 0.48 0.75 
Turbidity 0.1 NTU 0.5 26 8.8 
Zinc ICP 2 μg/L 10 100 56.7 
Shaded field implies concentration falls within five times the MDL value  
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Table C.14: Field Testing Raw Concentration Data: Princeton March 16, 2004 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium ICP 1 μg/L 5 1.5 1.3 
Chromium Furnace 2 μg/L 10 5.0 2.7 
Copper ICP 3 μg/L 15 27.9 17.3 
Filterable (TDS) - Residues 10 mg/L 50 146 150 
Hardness 2 mg/L 10 88.0 102 
Iron ICP 20 μg/L 100 946 752 
Lead ICP 3 μg/L 15 13.0 9.4 
Nickel ICP 2 μg/L 10 4.7 4.4 
Nitrate-Nitrite 0.01 mg/L 0.05 0.24 0.23 
Nonfilterable (TSS) - Residues 1 mg/L 5 85.6 55.6 
Phosphorus - Total 0.005 mg/L 0.025 0.257 0.183 
Total Kjeldahl Nitrogen 0.2 mg/L 1 2.11 2.26 
Total Nitrogen 0.2 mg/L 1 2.35 2.49 
Turbidity 0.1 NTU 0.5 30.2 31.1 
Zinc ICP 2 μg/L 10 174 123 
Shaded field implies concentration falls within five times the MDL value  
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Table C.15: Field Testing Raw Concentration Data: Princeton April 12, 2004 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium ICP 1 μg/L 5 <0.5 <0.5 
Chromium Furnace 2 μg/L 10 2.4 2.2 
Copper ICP 3 μg/L 15 9.5 9.0 
Filterable (TDS) - Residues 10 mg/L 50 98 130 
Hardness 2 mg/L 10 52 58 
Iron ICP 20 μg/L 100 282 402 
Lead ICP 3 μg/L 15 3.6 5.2 
Nickel ICP 2 ug/L 10 3.4 2.0 
Nitrate-Nitrite 0.01 mg/L 0.05 0.34 0.28 
Nonfilterable (TSS) - 
Residues 1 mg/L 5 17.6 25.6 
Phosphorus - Total 0.005 mg/L 0.025 0.104 0.105 
Total Kjeldahl Nitrogen 0.2 mg/L 1 1.65 1.95 
Total Nitrogen 0.2 mg/L 1 1.99 2.23 
Turbidity 0.1 NTU 0.5 11 11 
Zinc ICP 2 μg/L 10 70.3 89.5 
Shaded field implies concentration falls within five times the MDL value  
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APPENDIX D: FIELD STUDY PROBLEM LOG 
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Table D.1: Stormwater Sampling Problems Encountered in City of Orlando Project 
    
Date Site  Problem Description of Problem 
 6/12/03 Princeton Formosa Installation 
Problem: Delay in delivery of sampling equipment.                                 
Solution:  Once received, the flow meter cable and sampler tubing 
were installed at the Princeton site.  More installation difficulty was 
experienced at Formosa, as later discussed. 
7/1/2003 Princeton Unsuccessful Test Run 
Problem: Test run was performed, however sampler was not triggered   
Solution:  Reprogram the sample to make sure error is not in 
programming. 
7/18/03 Princeton Unsuccessful Test Run 
Problem: Test run was again unsuccessful due to strainer and flow 
meter being mounted too high.                                                                  
Solution: Close lane of Princeton to adjust 
9/3/2003 Princeton Unsuccessful Test Run 
Problem:  Outlet Sampler is not being triggered to sample.                     
Solution:  Reprogram such that set point sampling is enabled in 
advanced programming. 
9/10/03 Formosa Installation 
Problems: Velocity cable too short; Success pulling the tubing through 
the conduits. At one point, the tubing broke in conduit and further 
attempts to feed it through could not be performed.                      
Solution:  String was fed through the conduits by the city in early 
August.  Longer cable was ordered. 
9/24/03 Formosa Princeton 
Unsuccessful 
Test Run 
Problem:  Battery of lead samplers are drained prior to rain event.   
Solution:  Change memory to wrap rather than slate.  Data log 
interval extended from one minute to five.  
10/27/03 Winyah 
Bottle Full 
Error 
Message 
Problem:  Sampler not triggered as it incorrectly senses the bottle is 
full.   Solution:  Float switch needs to be adjusted to break contact. 
mid Nov - 
mid Dec all No Rain Problem: No significant rain to sample until 12/14/03.                              
1/18/04 Princeton No Flow 
Problem:  Only two samples collected, although programmed to take 
25.  Solution:  Inlet protector due to construction across the street is 
blocking the stormwater from entering the manhole. 
2/23/04 Winyah Intake Tube 
Problem:  While the sampler was taken to the UCF to solve the Full 
Bottle Error problem, the tubing was pulled back into the conduit.  
Solution:  The tubing must be fed through the conduit again.  This 
was not performed until after the March 16th rain event. 
2/24/04 Formosa Distribution Error 
Problem:  While pumping, the inlet sampler experienced a distribution 
error in which the sampler did not stop pulling sample until its battery 
died This did not occurred until the 13th sample; however, the 
researcher felt this was not a good sample to continue with lab 
analysis. 
2/24/04 Princeton Calibration Problem:  The outlet did not collect enough sample volume to be analyzed.  Solution: Calibration was performed. 
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2/25/04 - 
mid 
March 
all No Rain Problem: No significant rain to sample from until 03/16/04.                     
5/03/04-
end of 
month 
all No Rain Problem: Only rain event occurred Saturday while the laboratory was closed for the weekend.  
6/10/04 Princeton No Flow 
Problem:  No flow sensed by flow meter.                                             .  
Solution:  Inlet protector due to construction across the street is 
blocking the stormwater from entering the manhole. 
6/10/04 Winyah No Outlet Sample 
Problem: No sample in outlet container.  The sampler is triggered and 
unsuccessfully attempts to pull a sample.                                         
Solution:  Blockage due to base flow backup. 
mid June 
- July 1 all No Rain 
Problem: Only rain events occurred while the laboratory was closed 
for the weekend or within 72 hours of such a storm event.  
7/1/04 Winyah Dead Battery 
Problem:  Low Battery insufficient for sampling, though recently 
charged.  Solution:  Difficulty forcing battery to take a charge will not 
use this battery again. 
7/1/04 Princeton No Flow Problem:  Inlet protector blocks stormwater from entering manhole.  Solution:  Inlet protector is pulled as construction site has stabilized.  
7/26/04 Winyah No Outlet Sample 
Problem: No sample in outlet container.  The sampler is triggered and 
unsuccessfully attempts to pull a sample.                                         
Solution:  Will investigate whether blockage due to base flow backup 
is once again responsible. 
7/26/2004 Princeton No Flow Problem: Although inlet protectors pulled, no flow was sensed.  However, the prior week, slow was detected for a 0.05 inch rain event. 
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APPENDIX E: SIMULATED STORMS RAW CONCENTRATION DATA 
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Table E.1: Simulated Storm Mass Balance Raw Data 
 
Introduced Recovered Simulated 
Litter Test 
3 
Test 
4 
Test 
5 Total/Unit BaySaver CDS Stormceptor 
Collection 
Tank  
Leaves/twigs 
(gallon) 5 3 3 11 6.5 8  N/A 
Metal soda cans 5 5 5 15 13 15 14 3 
Plastic bottles 3 3 3 9 6 9 8 4 
Plastic 
shopping bags 1 1 1 3 2 3 3 1 
Cigarettes butts 
(cups) 1 1 1 3 1.6 2.3  N/A 
Cigarette boxes 1 1 1 3 2 3 3 1 
Crumpled paper 10 10 10 30 N/A 10  2 
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Table E.2: Simulated Storm Raw Concentration Data: BaySaver 20% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 6 3 
Copper 5 μg/L 25 8 8 
Iron 200 μg/L 1000 675 350 
Lead  3 μg/L 15 U U 
Nickel  5 μg/L 25 U U 
Zinc 5 μg/L 25 70 81 
Phosphorus, Total 5 μg/L 25 255 155 
Phosphorus, Ortho 0.05 mg/L 0.25 U U 
Total Nitrogen 0.05 mg/L 0.25 1.3 1.2 
Nitrate/Nitrite 0.05 mg/L 0.25 0.38 0.52 
Residue, Filterable (TDS)  1 mg/L 5 205 185 
Residue, Nonfilterable (TSS)  1 mg/L 5 135 48 
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Table E.3: Simulated Storm Raw Concentration Data: BaySaver 40% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 3 2 
Copper 5 μg/L 25 8 6 
Iron 200 μg/L 1000 345 300 
Lead  3 μg/L 15 U U 
Nickel  5 μg/L 25 U U 
Zinc 5 μg/L 25 115 87 
Phosphorus, Total 5 μg/L 25 130 110 
Phosphorus, Ortho 0.05 mg/L 0.25 U U 
Total Nitrogen 0.05 mg/L 0.25 0.2 0.2 
Nitrate/Nitrite 0.05 mg/L 0.25 0.25 0.44 
Residue, Filterable (TDS)  1 mg/L 5 285 215 
Residue, Nonfilterable (TSS)  1 mg/L 5 105 88 
Shaded field implies concentration falls within five times the MDL value  
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Table E.4: Simulated Storm Raw Concentration Data: BaySaver 60% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 4 4 
Copper 5 μg/L 25 U U 
Iron 200 μg/L 1000 460 605 
Lead  3 μg/L 15 U U 
Nickel  5 μg/L 25 9 U 
Zinc 5 μg/L 25 115 130 
Phosphorus, Total 5 μg/L 25 92 56 
Phosphorus, Ortho 0.05 mg/L 0.25 U U 
Total Nitrogen 0.05 mg/L 0.25 0.2 0.2 
Nitrate/Nitrite 0.05 mg/L 0.25 0.18 0.14 
Residue, Filterable (TDS)  1 mg/L 5 120 120 
Residue, Nonfilterable (TSS)  1 mg/L 5 110 125 
Shaded field implies concentration falls within five times the MDL value  
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Table E.5: Simulated Storm Raw Concentration Data: BaySaver 80% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 4 9 
Copper 5 μg/L 25 5 7 
Iron 200 μg/L 1000 310 410 
Lead  3 μg/L 15 U U 
Nickel  5 μg/L 25 U U 
Zinc 5 μg/L 25 37 46 
Phosphorus, Total 5 μg/L 25 U U 
Phosphorus, Ortho 0.05 mg/L 0.25 U U 
Total Nitrogen 0.05 mg/L 0.25 0.2 0.2 
Nitrate/Nitrite 0.05 mg/L 0.25 0.2 0.2 
Residue, Filterable (TDS)  1 mg/L 5 260 155 
Residue, Nonfilterable (TSS)  1 mg/L 5 5 1 
Shaded field implies concentration falls within five times the MDL value  
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Table E.6: Simulated Storm Raw Concentration Data: BaySaver 100% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 1 1 
Copper 5 mg/L 25 7 5 
Iron 200 mg/L 1000 225 230 
Lead  3 mg/L 15 U U 
Nickel  5 mg/L 25 U U 
Zinc 5 mg/L 25 71 90 
Phosphorus, Total 5 mg/L 25 33 32 
Phosphorus, Ortho 0.05 mg/L 0.25 U U 
Total Nitrogen 0.05 mg/L 0.25 0.3 0.3 
Nitrate/Nitrite 0.05 mg/L 0.25 0.27 0.26 
Residue, Filterable (TDS)  1 mg/L 5 130 270 
Residue, Nonfilterable (TSS)  1 mg/L 5 5 10 
Shaded field implies concentration falls within five times the MDL value  
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Table E.7: Simulated Storm Raw Concentration Data: CDS 20% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 2 1 
Copper 5 μg/L 25 7 6 
Iron 200 μg/L 1000 335 340 
Lead  3 μg/L 15 U U 
Nickel  5 μg/L 25 U U 
Zinc 5 μg/L 25 66 60 
Phosphorus, Total 5 μg/L 25 190 115 
Phosphorus, Ortho 0.05 mg/L 0.25 U U 
Total Nitrogen 0.05 mg/L 0.25 1.3 1.3 
Nitrate/Nitrite 0.05 mg/L 0.25 0.44 0.42 
Residue, Filterable (TDS)  1 mg/L 5 240 215 
Residue, Nonfilterable (TSS)  1 mg/L 5 140 22 
Shaded field implies concentration falls within five times the MDL value 
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Table E.8: Simulated Storm Raw Concentration Data: CDS 40% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 3 1 
Copper 5 μg/L 25 6 7 
Iron 200 μg/L 1000 325 315 
Lead  3 μg/L 15 U U 
Nickel  5 μg/L 25 U U 
Zinc 5 μg/L 25 69 75 
Phosphorus, Total 5 μg/L 25 135 105 
Phosphorus, Ortho 0.05 mg/L 0.25 U U 
Total Nitrogen 0.05 mg/L 0.25 0.2 0.2 
Nitrate/Nitrite 0.05 mg/L 0.25 0.34 0.24 
Residue, Filterable (TDS)  1 mg/L 5 205 220 
Residue, Nonfilterable (TSS)  1 mg/L 5 88 68 
Shaded field implies concentration falls within five times the MDL value  
 
 164
Table E.9: Simulated Storm Raw Concentration Data: CDS 60% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 4 4 
Copper 5 μg/L 25 U U 
Iron 200 μg/L 1000 565 565 
Lead  3 μg/L 15 U U 
Nickel  5 μg/L 25 U U 
Zinc 5 μg/L 25 140 115 
Phosphorus, Total 5 μg/L 25 140 64 
Phosphorus, Ortho 0.05 mg/L 0.25 0.11 U 
Total Nitrogen 0.05 mg/L 0.25 0.2 0.2 
Nitrate/Nitrite 0.05 mg/L 0.25 0.15 0.2 
Residue, Filterable (TDS)  1 mg/L 5 120 115 
Residue, Nonfilterable (TSS)  1 mg/L 5 84 30 
Shaded field implies concentration falls within five times the MDL value  
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Table E.10: Simulated Storm Laboratory Analysis Raw Data: CDS 80% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 6 5 
Copper 5 μg/L 25 6 4 
Iron 200 μg/L 1000 330 560 
Lead  3 μg/L 15 U 6 
Nickel  5 μg/L 25 U U 
Zinc 5 μg/L 25 49 40 
Phosphorus, Total 5 μg/L 25 14 16 
Phosphorus, Ortho 0.05 mg/L 0.25 U U 
Total Nitrogen 0.05 mg/L 0.25 0.2 0.2 
Nitrate/Nitrite 0.05 mg/L 0.25 0.2 0.15 
Residue, Filterable (TDS)  1 mg/L 5 590 90 
Residue, Nonfilterable (TSS)  1 mg/L 5 17 5 
Shaded field implies concentration falls within five times the MDL value  
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Table E.11: Simulated Storm Raw Concentration Data: CDS 100% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 U 1 
Copper 5 μg/L 25 6 5 
Iron 200 μg/L 1000 260 225 
Lead  3 μg/L 15 U U 
Nickel  5 μg/L 25 U U 
Zinc 5 μg/L 25 41 38 
Phosphorus, Total 5 μg/L 25 43 51 
Phosphorus, Ortho 0.05 mg/L 0.25 U U 
Total Nitrogen 0.05 mg/L 0.25 0.8 0.3 
Nitrate/Nitrite 0.05 mg/L 0.25 0.25 0.27 
Residue, Filterable (TDS)  1 mg/L 5 150 210 
Residue, Nonfilterable (TSS)  1 mg/L 5 1 7 
Shaded field implies concentration falls within five times the MDL value  
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Table E.12: Simulated Storm Raw Concentration Data: Stormceptor 20% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 4 2 
Copper 5 μg/L 25 7 6 
Iron 200 μg/L 1000 325 250 
Lead  3 μg/L 15 U U 
Nickel  5 μg/L 25 U U 
Zinc 5 μg/L 25 63 58 
Phosphorus, Total 5 μg/L 25 160 110 
Phosphorus, Ortho 0.05 mg/L 0.25 U 0.07 
Total Nitrogen 0.05 mg/L 0.25 1.6 1.3 
Nitrate/Nitrite 0.05 mg/L 0.25 0.64 0.38 
Residue, Filterable (TDS)  1 mg/L 5 175 275 
Residue, Nonfilterable (TSS)  1 mg/L 5 160 42 
Shaded field implies concentration falls within five times the MDL value  
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Table E.13: Simulated Storm Laboratory Analysis Raw Data: Stormceptor 40% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 3 2 
Copper 5 μg/L 25 6 4 
Iron 200 μg/L 1000 465 285 
Lead  3 μg/L 15 U U 
Nickel  5 μg/L 25 6 7 
Zinc 5 μg/L 25 85 68 
Phosphorus, Total 5 μg/L 25 295 175 
Phosphorus, Ortho 0.05 mg/L 0.25 U 0.07 
Total Nitrogen 0.05 mg/L 0.25 0.2 1.1 
Nitrate/Nitrite 0.05 mg/L 0.25 0.38 0.68 
Residue, Filterable (TDS)  1 mg/L 5 195 220 
Residue, Nonfilterable (TSS)  1 mg/L 5 170 68 
Shaded field implies concentration falls within five times the MDL value  
 
 169
Table E.14: Simulated Storm Raw Concentration Data: Stormceptor 60% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 3 U 
Copper 5 μg/L 25 U U 
Iron 200 μg/L 1000 530 340 
Lead  3 μg/L 15 U U 
Nickel  5 μg/L 25 U U 
Zinc 5 μg/L 25 140 180 
Phosphorus, Total 5 μg/L 25 56 58 
Phosphorus, Ortho 0.05 mg/L 0.25 U 0.07 
Total Nitrogen 0.05 mg/L 0.25 0.2 1.1 
Nitrate/Nitrite 0.05 mg/L 0.25 0.21 0.14 
Residue, Filterable (TDS)  1 mg/L 5 115 125 
Residue, Nonfilterable (TSS)  1 mg/L 5 37 34 
Shaded field implies concentration falls within five times the MDL value  
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Table E.15: Simulated Storm Raw Concentration Data: Stormceptor 80% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 7 4 
Copper 5 μg/L 25 7 4 
Iron 200 μg/L 1000 445 220 
Lead  3 μg/L 15 5 U 
Nickel  5 μg/L 25 U U 
Zinc 5 μg/L 25 54 30 
Phosphorus, Total 5 μg/L 25 U U 
Phosphorus, Ortho 0.05 mg/L 0.25 U U 
Total Nitrogen 0.05 mg/L 0.25 0.2 1.1 
Nitrate/Nitrite 0.05 mg/L 0.25 0.2 0.18 
Residue, Filterable (TDS)  1 mg/L 5 130 110 
Residue, Nonfilterable (TSS)  1 mg/L 5 4 4 
Shaded field implies concentration falls within five times the MDL value  
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Table E.16: Simulated Storm Raw Concentration Data: Stormceptor 100% 
 
Analyte MDL Unit 5*MDL Influent Concentration 
Effluent 
Concentration
Cadmium 0.5 μg/L 2.5 U U 
Chromium 1 μg/L 5 U U 
Copper 5 μg/L 25 5 6 
Iron 200 μg/L 1000 230 220 
Lead  3 μg/L 15 U U 
Nickel  5 μg/L 25 U U 
Zinc 5 μg/L 25 41 35 
Phosphorus, Total 5 μg/L 25 49 35 
Phosphorus, Ortho 0.05 mg/L 0.25 U U 
Total Nitrogen 0.05 mg/L 0.25 0.3 0.3 
Nitrate/Nitrite 0.05 mg/L 0.25 0.26 0.27 
Residue, Filterable (TDS)  1 mg/L 5 210 245 
Residue, Nonfilterable (TSS)  1 mg/L 5 2 10 
Shaded field implies concentration falls within five times the MDL value  
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APPENDIX F: FIELD STUDY RAW FLOW DATA 
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Table F.1: Princeton Stormceptor 900 Field Study Raw Flow Data: October 28, 2003 
 
Time Sampled Level (in) 
Flow 
(cfs) 
Velocity 
(fps) 
Avg Q 
(cfs) 
Time 
(sec)  Volume (cf) 
17:30 ! 2.251 0.065 0.065 0.065 60 3.9 
17:31     0.065 60 3.9 
17:32     0.065 60 3.9 
17:33 !       0.065 60 3.9 
17:34     0.065 60 3.9 
17:35 ! 2.251 0.065 16.837 0.065 60 3.9 
17:36     0.0325 60 1.95 
17:37 !       0.0325 60 1.95 
17:38 !       0.0325 60 1.95 
17:39 !       0.0325 60 1.95 
17:40   0.127 0 8.074 0 60 0 
17:41 !       0 60 0 
17:42 !             
17:43               
17:44               
17:45   -1.778 0 0.2       
         
  Flow Information Available    Total Volume 
  Sampler Triggered     
       
31.2 cf 
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Table F.2: Princeton 900 Field Study Raw Flow Data: December 14, 2003 
 
Time Sampled Level (in) 
Flow 
(cfs) 
Velocity 
(fps) 
Avg Q 
(cfs) 
Time 
(sec)  Volume (cf) 
10:40   0.605 0.004 1.08       
10:41        
10:42 !       0.036 60 2.13 
10:43     0.036 60 2.13 
10:44     0.036 60 2.13 
10:45   2.285 0.067 0.968 0.067 60 4.02 
10:46 !       0.135 60 8.1 
10:47     0.135 60 8.1 
10:48     0.135 60 8.1 
10:49 !       0.135 60 8.1 
10:50   3.966 0.203 0.856 0.203 60 12.18 
10:51     0.203 60 12.18 
10:52 !       0.203 60 12.18 
10:53     0.203 60 12.18 
10:54     0.203 60 12.18 
10:55 ! 3.966 0.203 0.856 0.203 60 12.18 
10:56     0.203 60 12.18 
10:57     0.203 60 12.18 
10:58 !       0.203 60 12.18 
10:59     0.203 60 12.18 
11:00   3.966 0.203 0.856 0.203 60 12.18 
11:01     0.203 60 12.18 
11:02     0.203 60 12.18 
11:03     0.203 60 12.18 
11:04 !       0.203 60 12.18 
11:05   3.966 0.203 0.856 0.203 60 12.18 
11:06     0.203 60 12.18 
11:07     0.203 60 12.18 
11:08     0.203 60 12.18 
11:09         0.203 60 12.18 
11:10 ! 3.966 0.203 0.856       
        
  Flow Information Available    Total Volume 
  Sampler Triggered     
       
286 cf 
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Table F.3: Princeton Stormceptor 900 Field Study Raw Flow Data: March 16, 2004 
 
Time Sampled Flow (cfs) Avg Q (cfs) 
Time 
(sec)  Volume (cf) 
9:10 ! 0.144 0.144 60 8.64 
9:11   0.144 60 8.64 
9:12   0.144 60 8.64 
9:13   0.144 60 8.64 
9:14   0.144 60 8.64 
9:15   0.144 0.144 60 8.64 
9:16   0.073 60 4.35 
9:17   0.073 60 4.35 
9:18   0.073 60 4.35 
9:19   0.073 60 4.35 
9:20   0.001 0.001 60 0.06 
9:21 !  0.001 60 0.03 
9:22   0.001 60 0.03 
9:23 !   0.001 60 0.03 
9:24   0.001 60 0.03 
9:25 ! 0.000 0.000 60 0.00 
9:26   0.000 60 0.00 
9:27 !   0.000 60 0.00 
9:28   0.000 60 0.00 
9:29 !   0.000 60 0.00 
9:30   0.000 0.000 60 0.00 
9:31   0.000 60 0.00 
9:32 !  0.000 60 0.00 
9:33   0.000 60 0.00 
9:34   0.000 60 0.00 
9:35 ! 0.000 0.000 60 0.00 
9:36   0.000 60 0.00 
9:37   0.000 60 0.00 
9:38 !   0.000 60 0.00 
9:39   0.000 60 0.00 
9:40   0.000 0.000 60 0.00 
9:41 !   0.000 60 0.00 
9:42   0.000 60 0.00 
9:43 !   0.000 60 0.00 
9:44 !   0.000 60 0.00 
9:45 ! 0.000 0.000 60 0.00 
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9:46   0.000 60 0.00 
9:47 !   0.000 60 0.00 
9:48   0.000 60 0.00 
9:49   0.000 60 0.00 
9:50 ! 0.000 0.000 60 0.00 
9:51   0.000 60 0.00 
9:52   0.000 60 0.00 
9:53 !   0.000 60 0.00 
9:54   0.000 60 0.00 
9:55   0.000 0.000 60 0.00 
9:56 !   0.000 60 0.00 
9:57   0.000 60 0.00 
9:58   0.000 60 0.00 
9:59 !   0.000 60 0.00 
10:00   0.000 0.000 60 0.00 
10:01 !   0.000 60 0.00 
10:02   0.000 60 0.00 
10:03 !   0.000 60 0.00 
10:04   0.000 60 0.00 
10:05 ! 0.000 0.000 60 0.00 
10:06   0.000 60 0.00 
10:07 !   0.000 60 0.00 
10:08   0.000 60 0.00 
10:09     0.000 60 0.00 
10:10 ! 0.000       
      
  Flow Information Available  Total Volume 
  Sampler Triggered   
     
69 cf 
      
Note: The flows in the later portion of the storm are extremely low (hence the 0 value 
in the sampler  
history, but still enough to trigger sampling at an interval of 22 gallons 
Note:  The sampler was programmed to take 25 samples at an interval of 22 gallons.  
However, due to the rain event duration, the sampler was only triggered 23 times. 
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Table F.4: Princeton Stormceptor 900 Field Study Raw Flow Data: April 12, 2004 
 
Time Sampled Level (in) 
Flow 
(cfs) 
Avg Q 
(cfs) 
Time 
(sec)  Volume (cf) 
19:15 ! 4.228 0.230 0.230 60 13.8 
19:16    0.230 60 13.8 
19:17    0.230 60 13.8 
19:18 !     0.230 60 13.8 
19:19    0.230 60 13.8 
19:20   4.228 0.230 0.230 60 13.8 
19:21 !     0.230 60 13.8 
19:22    0.230 60 13.8 
19:23    0.230 60 13.8 
19:24 !     0.230 60 13.8 
19:25   4.228 0.230 0.230 60 13.8 
19:26    0.115 60 6.9 
19:27 !     0.115 60 6.9 
19:28    0.115 60 6.9 
19:29    0.115 60 6.9 
19:30 ! -1.441 0.000 0.000 60 0 
19:31    0.000 60 0 
19:32 !     0.000 60 0 
19:33    0.000 60 0 
19:34 !     0.000 60 0 
19:35   -1.946 0.000 0.000 60 0 
19:36 !     0.000 60 0 
19:37    0.000 60 0 
19:38 !     0.000 60 0 
19:39    0.000 60 0 
19:40   -1.946 0.000 0.000 60 0 
19:41    0.000 60 0 
19:42 !     0.000 60 0 
19:43    0.000 60 0 
19:44    0.000 60 0 
19:45 ! -1.525 0.000 0.000 60 0 
19:46    0.000 60 0 
19:47    0.000 60 0 
19:48 !     0.000 60 0 
19:49    0.000 60 0 
19:50 ! -1.423 0.000 0.000 60 0 
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19:51    0.000 60 0 
19:52 !     0.000 60 0 
19:53    0.000 60 0 
19:54    0.000 60 0 
19:55 ! -1.497 0.000 0.000 60 0 
19:56    0.000 60 0 
19:57 !     0.000 60 0 
19:58    0.000 60 0 
19:59    0.000 60 0 
20:00 ! -1.925 0.000 0.000 60 0 
20:01    0.000 60 0 
20:02    0.000 60 0 
20:03 !     0.000 60 0 
20:04    0.000 60 0 
20:05   -1.946 0.000 0.000 60 0 
20:06 !     0.000 60 0 
20:07    0.000 60 0 
20:08 !     0.000 60 0 
20:09    0.000 60 0 
20:10 ! -1.946 0.000 0.000 60 0 
20:11    0.000 60 0 
20:12 !     0.000 60 0 
20:13    0.000 60 0 
20:14 !     0.000 60 0 
20:15   -1.946 0.000 0.000 60 0 
20:16    0.000 60 0 
20:17       0.000 60 0 
20:18 !           
20:19             
20:20   -1.946 0.000       
       
  Flow Information Available   Total Volume 
  Sampler Triggered    
      
179 cf 
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Table F.5: Formosa Stormceptor 4800 Field Study Raw Flow Data: October 28, 2003 
 
Time Sampled Level (in) 
Flow 
(cfs) 
Velocity 
(fps) 
Avg Q 
(cfs) 
Time 
(sec) 
 Volume 
(cf) 
18:20 ! 1.359 0.435 7.154 0.435 60 26.1 
18:21     0.435 60 26.1 
18:22     0.435 60 26.1 
18:23 !       0.435 60 26.1 
18:24     0.435 60 26.1 
18:25   1.359 0.435 7.154 0.435 60 26.1 
18:26 !       0.435 60 26.1 
18:27     0.435 60 26.1 
18:28     0.435 60 26.1 
18:29 !       0.435 60 26.1 
18:30   1.359 0.435 5.154 0.435 60 26.1 
18:31     0.241 60 14.46 
18:32 !       0.241 60 14.46 
18:33     0.241 60 14.46 
18:34     0.241 60 14.46 
18:35 ! 0.506 0.047 3.387 0.047 60 2.82 
18:36     0.0235 60 1.41 
18:37 !       0.0235 60 1.41 
18:38     0.0235 60 1.41 
18:39 !             
18:40   0 0 0.2       
        
  Flow Information Available    Total Volume 
  Sampler Triggered     
       
143 cf 
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Table F.6: Formosa 4800 Field Study Raw Flow Data: December 14, 2003 
 
Time Sampled Level (in) 
Flow 
(cfs) 
Velocity 
(fps) Avg Q (cfs) 
Time 
(sec)  Volume (cf) 
8:20   0.647 0.018 0.899       
8:21        
8:22 !       0.030 60 2 
8:23     0.030 60 2 
8:24     0.030 60 2 
8:25   0.988 0.041 1.071 0.041 60 2 
8:26 !       0.057 60 3 
8:27     0.057 60 3 
8:28     0.057 60 3 
8:29 !       0.057 60 3 
8:30   1.329 0.073 1.243 0.073 60 4 
8:31     0.073 60 4 
8:32 !       0.073 60 4 
8:33     0.073 60 4 
8:34     0.073 60 4 
8:35 ! 1.329 0.073 1.243 0.073 60 4 
8:36     0.054 60 3 
8:37     0.054 60 3 
8:38 !       0.054 60 3 
8:39     0.054 60 3 
8:40   0.824 0.035 1.215 0.035 60 2 
8:41 !       0.040 60 2 
8:42         0.040 60 2 
8:43 !             
8:44        
8:45   0.934 0.044 1.266       
        
  Flow Information Available    Total Volume 
  Sampler Triggered     
       
68 cf 
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Table F.7: Formosa 4800 Field Study Raw Flow Data: January 18, 2003 
 
Time Sampled Level (in) 
Flow 
(cfs) 
Avg 
Q 
(cfs) 
Time 
(sec)  Volume (cf) 
7:10 ! 5.292 7.305 7.305 60 438.3 
7:11    7.305 60 438.3 
7:12    7.305 60 438.3 
7:13 !     7.305 60 438.3 
7:14    7.305 60 438.3 
7:15   5.292 7.305 7.305 60 438.3 
7:16 !     7.305 60 438.3 
7:17    7.305 60 438.3 
7:18    7.305 60 438.3 
7:19 !     7.305 60 438.3 
7:20   5.292 7.305 7.305 60 438.3 
7:21    4.285 60 257.1 
7:22 !     4.285 60 257.1 
7:23    4.285 60 257.1 
7:24    4.285 60 257.1 
7:25 ! 2.644 1.265 1.265 60 75.9 
7:26    0.643 60 38.6 
7:27 !     0.643 60 38.6 
7:28    0.643 60 38.6 
7:29 !     0.643 60 38.6 
7:30   1.982 0.021 0.021 60 1.26 
7:31 !     0.032 60 1.92 
7:32    0.032 60 1.92 
7:33 !     0.032 60 1.92 
7:34    0.032 60 1.92 
7:35   3.204 0.043 0.043 60 2.58 
7:36    0.043 60 2.58 
7:37 !     0.043 60 2.58 
7:38    0.043 60 2.58 
7:39    0.043 60 2.58 
7:40 ! 3.204 0.043 0.043 60 2.58 
7:41    0.047 60 2.79 
7:42    0.047 60 2.79 
7:43 !     0.047 60 2.79 
7:44    0.047 60 2.79 
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7:45   3.575 0.050 0.050 60 3.00 
7:46 !     0.057 60 3.42 
7:47    0.057 60 3.42 
7:48    0.057 60 3.42 
7:49 !     0.057 60 3.42 
7:50   4.259 0.064 0.064 60 3.84 
7:51 !     0.061 60 3.63 
7:52    0.061 60 3.63 
7:53 !     0.061 60 3.63 
7:54    0.061 60 3.63 
7:55 ! 3.925 0.057 0.057 60 3.42 
7:56    0.064 60 3.84 
7:57    0.064 60 3.84 
7:58 !     0.064 60 3.84 
7:59    0.064 60 3.84 
8:00   4.57 0.071 0.071 60 4.26 
8:01 !           
8:02             
8:03       
8:04       
8:05   4.228 0.063       
Notes:       
This site samples at the interval of every 44 gals that passes the velocity 
sensor 
       
  Flow Information Available   Total Volume 
  Sampler Triggered    
      
6174 cf 
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Table F.8: Formosa Stormceptor 4800 Field Study Raw Flow Data: March 16, 2004 
 
Time Sampled Level (in) 
Flow 
(cfs) 
Avg Q 
(cfs) 
Time 
(sec)  Volume (cf) 
9:15   2.293 0.026       
9:16       
9:17       
9:18 !     0.024 60 1.440 
9:19    0.024 60 1.440 
9:20   2.065 0.022 0.022 60 1.320 
9:21    0.017 60 1.020 
9:22    0.017 60 1.020 
9:23 !     0.017 60 1.020 
9:24    0.017 60 1.020 
9:25   1.382 0.012 0.012 60 0.720 
9:26    0.012 60 0.720 
9:27    0.012 60 0.720 
9:28    0.012 60 0.720 
9:29    0.012 60 0.720 
9:30   1.382 0.012 0.012 60 0.720 
9:31    0.012 60 0.690 
9:32    0.012 60 0.690 
9:33 !     0.012 60 0.690 
9:34    0.012 60 0.690 
9:35   1.24 0.011 0.011 60 0.660 
9:36    0.010 60 0.600 
9:37    0.010 60 0.600 
9:38    0.010 60 0.600 
9:39    0.010 60 0.600 
9:40   1.098 0.009 0.009 60 0.540 
9:41    0.014 60 0.810 
9:42    0.014 60 0.810 
9:43    0.014 60 0.810 
9:44 !     0.014 60 0.810 
9:45   1.752 0.018 0.018 60 1.080 
9:46    0.022 60 1.290 
9:47    0.022 60 1.290 
9:48    0.022 60 1.290 
9:49    0.022 60 1.290 
9:50 ! 2.208 0.025 0.025 60 1.500 
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9:51    0.021 60 1.260 
9:52    0.021 60 1.260 
9:53    0.021 60 1.260 
9:54    0.021 60 1.260 
9:55 ! 1.724 0.017 0.017 60 1.020 
9:56    0.016 60 0.930 
9:57    0.016 60 0.930 
9:58    0.016 60 0.930 
9:59    0.016 60 0.930 
10:00   1.468 0.014 0.014 60 0.840 
10:01 !     0.014 60 0.840 
10:02    0.014 60 0.840 
10:03    0.014 60 0.840 
10:04    0.014 60 0.840 
10:05   1.496 0.014 0.014 60 0.840 
10:06    0.010 60 0.570 
10:07    0.010 60 0.570 
10:08    0.010 60 0.570 
10:09    0.010 60 0.570 
10:10 ! 0.699 0.005 0.005 60 0.300 
10:11    0.004 60 0.240 
10:12    0.004 60 0.240 
10:13    0.004 60 0.240 
10:14    0.004 60 0.240 
10:15   0.585 0.003 0.003 60 0.180 
10:16    0.002 60 0.120 
10:17    0.002 60 0.120 
10:18    0.002 60 0.120 
10:19    0.002 60 0.120 
10:20 ! 0.244 0.001 0.001 60 0.060 
10:21    0.001 60 0.030 
10:22    0.001 60 0.030 
10:23    0.001 60 0.030 
10:24    0.001 60 0.030 
10:25   0.000 0.000 0.000 60 0.000 
10:26    0.000 60 0.000 
10:27    0.000 60 0.000 
10:28    0.000 60 0.000 
10:29    0.000 60 0.000 
10:30   0.000 0.000 0.000 60 0.000 
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10:31    0.006 60 0.360 
10:32    0.006 60 0.360 
10:33    0.006 60 0.360 
10:34    0.006 60 0.360 
10:35   1.325 0.012 0.012 60 0.720 
10:36    0.022 60 1.320 
10:37    0.022 60 1.320 
10:38    0.022 60 1.320 
10:39    0.022 60 1.320 
10:40 ! 2.634 0.032 0.032 60 1.920 
10:41    0.029 60 1.740 
10:42    0.029 60 1.740 
10:43    0.029 60 1.740 
10:44    0.029 60 1.740 
10:45   2.243 0.026 0.026 60 1.560 
10:46    0.021 60 1.230 
10:47    0.021 60 1.230 
10:48    0.021 60 1.230 
10:49    0.021 60 1.230 
10:50   1.553 0.015 0.015 60 0.900 
10:51    0.015 60 0.870 
10:52 !     0.015 60 0.870 
10:53    0.015 60 0.870 
10:54    0.015 60 0.870 
10:55   1.496 0.014 0.014 60 0.840 
10:56    0.010 60 0.570 
10:57    0.010 60 0.570 
10:58 !     0.010 60 0.570 
10:59    0.010 60 0.570 
11:00   0.756 0.005 0.005 60 0.300 
11:01    0.005 60 0.270 
11:02    0.005 60 0.270 
11:03    0.005 60 0.270 
11:04    0.005 60 0.270 
11:05 ! 0.699 0.004 0.004 60 0.240 
11:06    0.004 60 0.240 
11:07    0.004 60 0.240 
11:08    0.004 60 0.240 
11:09    0.004 60 0.240 
11:10   0.699 0.004 0.004 60 0.240 
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11:11    0.006 60 0.330 
11:12    0.006 60 0.330 
11:13    0.006 60 0.330 
11:14    0.006 60 0.330 
11:15   0.671 0.007 0.007 60 0.420 
11:16    0.005 60 0.300 
11:17 !     0.005 60 0.300 
11:18    0.005 60 0.300 
11:19    0.005 60 0.300 
11:20   0.927 0.003 0.003 60 0.180 
11:21    0.003 60 0.150 
11:22    0.003 60 0.150 
11:23    0.003 60 0.150 
11:24    0.003 60 0.150 
11:25   0.528 0.002 0.002 60 0.120 
11:26    0.002 60 0.120 
11:27    0.002 60 0.120 
11:28    0.002 60 0.120 
11:29    0.002 60 0.120 
11:30   0.358 0.002 0.002 60 0.120 
11:31    0.001 60 0.060 
11:32    0.001 60 0.060 
11:33    0.001 60 0.060 
11:34    0.001 60 0.060 
11:35   0.358 0.000 0.000 60 0.000 
11:36    0.000 60 0.000 
11:37    0.000 60 0.000 
11:38    0.000 60 0.000 
11:39    0.000 60 0.000 
11:40   0.000 0.000 0.000 60 0.000 
11:41       0.000 60 0.000 
11:42 !           
11:43             
11:44       
11:45   0.000 0.000 0.000     
Note:  The sampler was programmed to take 25 samples at an interval of 44 
gallons.  The sampler was only triggered 15 times. 
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  Flow Information Available   Total Volume 
  Sampler Triggered    
      
87 cf 
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Table F.9: Formosa Stormceptor 4800 Field Study Raw Flow Data: April 12, 2004 
 
Time Sampled Level (in) Flow (cfs) 
Avg Q 
(cfs) 
Time 
(sec)  Volume (cf) 
20:10   1.951 0.021 0.021 60 1.26 
20:11    0.060 60 3.57 
20:12    0.060 60 3.57 
20:13    0.060 60 3.57 
20:14 !     0.060 60 3.57 
20:15   5.765 0.098 0.098 60 5.88 
20:16    0.098 60 5.88 
20:17 !     0.098 60 5.88 
20:18    0.098 60 5.88 
20:19    0.098 60 5.88 
20:20 ! 5.765 0.098 0.098 60 5.88 
20:21    0.098 60 5.88 
20:22    0.098 60 5.88 
20:23 !     0.098 60 5.88 
20:24    0.098 60 5.88 
20:25   5.765 0.098 0.098 60 5.88 
20:26 !     0.050 60 3.00 
20:27    0.050 60 3.00 
20:28    0.050 60 3.00 
20:29    0.050 60 3.00 
20:30   0.352 0.002 0.002 60 0.12 
20:31    0.001 60 0.06 
20:32 !     0.001 60 0.06 
20:33    0.001 60 0.06 
20:34 !     0.001 60 0.06 
20:35   0.000 0.000 0.000 60 0.00 
20:36 !     0.000 60 0.00 
20:37    0.000 60 0.00 
20:38 !     0.000 60 0.00 
20:39    0.000 60 0.00 
20:40 ! 0.000 0.000 0.000 60 0.00 
20:41    0.000 60 0.00 
20:42    0.000 60 0.00 
20:43    0.000 60 0.00 
20:44    0.000 60 0.00 
20:45   0.000 0.000 0.000 60 0.00 
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20:46 !     0.003 60 0.15 
20:47    0.003 60 0.15 
20:48       0.003 60 0.15 
20:49 !           
20:50   0.699 0.005       
↓ ↓ ↓ ↓ ↓ ↓ ↓ 
7:00   0.756 0.005       
7:01       
7:02             
7:03 !     0.017 60 0.99 
7:04    0.017 60 0.99 
7:05   2.407 0.028 0.028 60 1.68 
7:06    0.028 60 1.68 
7:07    0.028 60 1.68 
7:08    0.028 60 1.68 
7:09    0.028 60 1.68 
7:10   2.407 0.028 0.028 60 1.68 
7:11    0.027 60 1.62 
7:12    0.027 60 1.62 
7:13    0.027 60 1.62 
7:14    0.027 60 1.62 
7:15 ! 2.293 0.026 0.026 60 1.56 
7:16    0.021 60 1.26 
7:17    0.021 60 1.26 
7:18    0.021 60 1.26 
7:19 !     0.021 60 1.26 
7:20   1.629 0.016 0.016 60 0.96 
7:21    0.009 60 0.54 
7:22    0.009 60 0.54 
7:23    0.009 60 0.54 
7:24    0.009 60 0.54 
7:25   0.415 0.002 0.002 60 0.12 
7:26    0.002 60 0.09 
7:27 !     0.002 60 0.09 
7:28    0.002 60 0.09 
7:29    0.002 60 0.09 
7:30   0.244 0.001 0.001 60 0.06 
7:31 !     0.001 60 0.06 
7:32    0.001 60 0.06 
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7:33    0.001 60 0.06 
7:34    0.001 60 0.06 
7:35   0.244 0.001 0.001 60 0.06 
7:36    0.001 60 0.06 
7:37    0.001 60 0.06 
7:38    0.001 60 0.06 
7:39    0.001 60 0.06 
7:40   0.244 0.001 0.001 60 0.06 
7:41    0.002 60 0.09 
7:42    0.002 60 0.09 
7:43    0.002 60 0.09 
7:44    0.002 60 0.09 
7:45   0.358 0.002 0.002 60 0.12 
7:46    0.002 60 0.09 
7:47    0.002 60 0.09 
7:48    0.002 60 0.09 
7:49    0.002 60 0.09 
7:50   0.244 0.001 0.001 60 0.06 
7:51    0.001 60 0.03 
7:52    0.001 60 0.03 
7:53    0.001 60 0.03 
7:54    0.001 60 0.03 
7:55   0.000 0.000 0.000 60 0.00 
7:56    0.000 60 0.00 
7:57    0.000 60 0.00 
7:58    0.000 60 0.00 
7:59    0.000 60 0.00 
8:00   0.000 0.000 0.000 60 0.00 
8:01    0.000 60 0.00 
8:02    0.000 60 0.00 
8:03    0.000 60 0.00 
8:04    0.000 60 0.00 
8:05   0.000 0.000 0.000 60 0.00 
8:06    0.000 60 0.00 
8:07    0.000 60 0.00 
8:08    0.000 60 0.00 
8:09    0.000 60 0.00 
8:10   0.000 0.000 0.000 60 0.00 
8:11    0.000 60 0.00 
8:12    0.000 60 0.00 
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8:13    0.000 60 0.00 
8:14    0.000 60 0.00 
8:15   0.301 0.001 0.001 60 0.06 
8:16    0.001 60 0.06 
8:17    0.001 60 0.06 
8:18    0.001 60 0.06 
8:19    0.001 60 0.06 
8:20   0.244 0.001 0.001 60 0.06 
8:21    0.001 60 0.06 
8:22    0.001 60 0.06 
8:23    0.001 60 0.06 
8:24    0.001 60 0.06 
8:25   0.301 0.001 0.001 60 0.06 
8:26    0.001 60 0.03 
8:27    0.001 60 0.03 
8:28    0.001 60 0.03 
8:29    0.001 60 0.03 
8:30   0.000 0.000 0.000 60 0.00 
8:31    0.000 60 0.00 
8:32    0.000 60 0.00 
8:33       0.000 60 0.00 
8:34 !           
8:35   0.000 0.000 0.000     
       
  Flow Information Available   Total Volume 
  Sampler Triggered    
      
124 cf 
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Table F.10: Winyah CDS Field Study Raw Flow Data: June 4, 2003 
 
Volume (cf) 
Time Sampled Flow (cfs) 
Avg Q 
(cfs) 
Time 
(sec)  
14:00   4.84       
14:01 !   5.77 60 346.2 
14:02   5.77 60 346.2 
14:03   5.77 60 346.2 
14:04   5.77 60 346.2 
14:05   6.7 6.70 60 402.0 
14:06   5.48 60 328.5 
14:07   5.48 60 328.5 
14:08   5.48 60 328.5 
14:09     5.48 60 328.5 
14:10 ! 4.25       
↓ ↓ ↓ ↓ ↓ ↓ 
16:20   0.059       
16:21      
16:22      
16:23           
16:24 !   26.8 60 1609.8 
16:25   53.6 53.6 60 3216.0 
16:26 !   195.4 60 11721.0 
16:27   195.4 60 11721.0 
16:28 !   195.4 60 11721.0 
16:29   195.4 60 11721.0 
16:30 ! 337.1 337.1 60 20226.0 
16:31   349.5 60 20967.0 
16:32 !   349.5 60 20967.0 
16:33   349.5 60 20967.0 
16:34 !   349.5 60 20967.0 
16:35   361.8 361.8 60 21708.0 
16:36 !   350.6 60 21033.0 
16:37   350.6 60 21033.0 
16:38 !   350.6 60 21033.0 
16:39   350.6 60 21033.0 
16:40 ! 339.3 339.3 60 20358.0 
16:41   321.8 60 19308.0 
16:42 !   321.8 60 19308.0 
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16:43   321.8 60 19308.0 
16:44 !   321.8 60 19308.0 
16:45   304.3 304.3 60 18258.0 
16:46 !   282.2 60 16932.0 
16:47   282.2 60 16932.0 
16:48 !   282.2 60 16932.0 
16:49   282.2 60 16932.0 
16:50 ! 260.1 260.1 60 15606.0 
16:51   239.0 60 14340.0 
16:52 !   239.0 60 14340.0 
16:53   239.0 60 14340.0 
16:54 !   239.0 60 14340.0 
16:55   217.9 217.9 60 13074.0 
16:56 !   203.6 60 12216.0 
16:57   203.6 60 12216.0 
16:58 !   203.6 60 12216.0 
16:59   203.6 60 12216.0 
17:00 ! 189.3 189.3 60 11358.0 
17:01   178.9 60 10734.0 
17:02 !   178.9 60 10734.0 
17:03   178.9 60 10734.0 
17:04 !   178.9 60 10734.0 
17:05   168.5 168.5 60 10110.0 
17:06 !   161.1 60 9663.0 
17:07   161.1 60 9663.0 
17:08 !   161.1 60 9663.0 
17:09   161.1 60 9663.0 
17:10 ! 153.6 153.6 60 9216.0 
17:11   148.3 60 8895.0 
17:12 !   148.3 60 8895.0 
17:13   148.3 60 8895.0 
17:14 !   148.3 60 8895.0 
17:15   142.9 142.9 60 8574.0 
17:16 !   138.5 60 8310.0 
17:17   138.5 60 8310.0 
17:18 !   138.5 60 8310.0 
17:19   138.5 60 8310.0 
17:20 ! 134.1 134.1 60 8046.0 
17:21   131.0 60 7857.0 
17:22 !   131.0 60 7857.0 
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17:23   131.0 60 7857.0 
17:24 !   131.0 60 7857.0 
17:25   127.8 127.8 60 7668.0 
17:26 !   125.4 60 7524.0 
17:27   125.4 60 7524.0 
17:28 !   125.4 60 7524.0 
17:29   125.4 60 7524.0 
17:30 ! 123 123.0 60 7380.0 
17:31   121.0 60 7260.0 
17:32 !   121.0 60 7260.0 
17:33   121.0 60 7260.0 
17:34 !   121.0 60 7260.0 
17:35   119 119.0 60 7140.0 
17:36 !   117.1 60 7026.0 
17:37   117.1 60 7026.0 
17:38 !   117.1 60 7026.0 
17:39   117.1 60 7026.0 
17:40 ! 115.2 115.2 60 6912.0 
17:41   113.3 60 6798.0 
17:42 !   113.3 60 6798.0 
17:43   113.3 60 6798.0 
17:44 !   113.3 60 6798.0 
17:45   111.4 111.4 60 6684.0 
17:46 !   109.0 60 6540.0 
17:47   109.0 60 6540.0 
17:48 !   109.0 60 6540.0 
17:49   109.0 60 6540.0 
17:50 ! 106.6 106.6 60 6396.0 
17:51   103.2 60 6192.0 
17:52 !   103.2 60 6192.0 
17:53   103.2 60 6192.0 
17:54 !   103.2 60 6192.0 
17:55   99.8 99.8 60 5988.0 
17:56 !   95.5 60 5727.0 
17:57   95.5 60 5727.0 
17:58 !   95.5 60 5727.0 
17:59   95.5 60 5727.0 
18:00 ! 91.1 91.1 60 5466.0 
18:01   85.6 60 5136.0 
18:02 !   85.6 60 5136.0 
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18:03   85.6 60 5136.0 
18:04 !   85.6 60 5136.0 
18:05   80.1 80.1 60 4806.0 
18:06 !   73.8 60 4425.0 
18:07   73.8 60 4425.0 
18:08 !   73.8 60 4425.0 
18:09   73.8 60 4425.0 
18:10 ! 67.4 67.4 60 4044.0 
18:11   59.9 60 3591.0 
18:12 !   59.9 60 3591.0 
18:13   59.9 60 3591.0 
18:14 !   59.9 60 3591.0 
18:15   52.3 52.3 60 3138.0 
18:16 !   43.9 60 2631.0 
18:17   43.9 60 2631.0 
18:18 !   43.9 60 2631.0 
18:19   43.9 60 2631.0 
18:20   35.4 35.4 60 2124.0 
18:21 !   26.8 60 1608.0 
18:22   26.8 60 1608.0 
18:23     26.8 60 1608.0 
18:24 !         
18:25   18.2       
      
  Flow Information Available  Total Volume 
  Sampler Triggered   
     
1136335 cf 
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Table F.11: Winyah CDS Field Study Raw Flow Data: December 14, 2003 
Time Sampled Flow (cfs) 
Avg Q 
(cfs) 
Time 
(sec) 
 Volume 
(cf) 
8:45 ! 1.11 1.1 60 66.6 
8:46   1.2 60 70.8 
8:47   1.2 60 70.8 
8:48   1.2 60 70.8 
8:49   1.2 60 70.8 
8:50   1.25 1.3 60 75.0 
8:51   1.4 60 81.3 
8:52   1.4 60 81.3 
8:53   1.4 60 81.3 
8:54   1.4 60 81.3 
8:55   1.46 1.5 60 87.6 
8:56   1.6 60 96.6 
8:57   1.6 60 96.6 
8:58   1.6 60 96.6 
8:59   1.6 60 96.6 
9:00   1.76 1.8 60 105.6 
9:01   1.9 60 115.5 
9:02   1.9 60 115.5 
9:03   1.9 60 115.5 
9:04   1.9 60 115.5 
9:05   2.09 2.1 60 125.4 
9:06   2.1 60 128.7 
9:07   2.1 60 128.7 
9:08 !   2.1 60 128.7 
9:09   2.1 60 128.7 
9:10   2.20 2.2 60 132.0 
9:11   2.3 60 135.6 
9:12   2.3 60 135.6 
9:13   2.3 60 135.6 
9:14   2.3 60 135.6 
9:15   2.32 2.3 60 139.2 
9:16   2.5 60 148.2 
9:17   2.5 60 148.2 
9:18   2.5 60 148.2 
9:19   2.5 60 148.2 
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9:20   2.62 2.6 60 157.2 
9:21   2.9 60 171.9 
9:22   2.9 60 171.9 
9:23   2.9 60 171.9 
9:24 !   2.9 60 171.9 
9:25   3.11 3.1 60 186.6 
9:26   3.5 60 209.7 
9:27   3.5 60 209.7 
9:28   3.5 60 209.7 
9:29   3.5 60 209.7 
9:30   3.88 3.9 60 232.8 
9:31   3.9 60 232.8 
9:32   3.9 60 232.8 
9:33   3.9 60 232.8 
9:34   3.9 60 232.8 
9:35   3.88 3.9 60 232.8 
9:36   4.0 60 240.3 
9:37 !   4.0 60 240.3 
9:38   4.0 60 240.3 
9:39   4.0 60 240.3 
9:40   4.13 4.1 60 247.8 
9:41   4.0 60 237.9 
9:42   4.0 60 237.9 
9:43   4.0 60 237.9 
9:44   4.0 60 237.9 
9:45   3.80 3.8 60 228.0 
9:46   3.7 60 221.1 
9:47   3.7 60 221.1 
9:48   3.7 60 221.1 
9:49 !   3.7 60 221.1 
9:50   3.57 3.6 60 214.2 
9:51   3.4 60 201.0 
9:52   3.4 60 201.0 
9:53   3.4 60 201.0 
9:54   3.4 60 201.0 
9:55   3.13 3.1 60 187.8 
9:56   3.0 60 178.2 
9:57   3.0 60 178.2 
9:58   3.0 60 178.2 
9:59   3.0 60 178.2 
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10:00   2.81 2.8 60 168.6 
10:01   2.7 60 162.6 
10:02   2.7 60 162.6 
10:03   2.7 60 162.6 
10:04   2.7 60 162.6 
10:05 ! 2.61 2.6 60 156.6 
10:06   2.8 60 167.7 
10:07   2.8 60 167.7 
10:08   2.8 60 167.7 
10:09   2.8 60 167.7 
10:10   2.98 3.0 60 178.8 
10:11   3.2 60 192.9 
10:12   3.2 60 192.9 
10:13   3.2 60 192.9 
10:14   3.2 60 192.9 
10:15   3.45 3.5 60 207.0 
10:16   4.0 60 241.5 
10:17   4.0 60 241.5 
10:18   4.0 60 241.5 
10:19 !   4.0 60 241.5 
10:20   4.60 4.6 60 276.0 
10:21   6.0 60 358.2 
10:22   6.0 60 358.2 
10:23   6.0 60 358.2 
10:24   6.0 60 358.2 
10:25   7.34 7.3 60 440.4 
10:26   35.1 60 2104.2 
10:27 !   35.1 60 2104.2 
10:27   35.1 60 2104.2 
10:28   35.1 60 2104.2 
10:29   35.1 60 2104.2 
10:30   62.8 62.8 60 3768.0 
10:31 !   131.1 60 7863.0 
10:32   131.1 60 7863.0 
10:33   131.1 60 7863.0 
10:34   131.1 60 7863.0 
10:35 ! 199.3 199.3 60 11958.0 
10:36   205.8 60 12345.0 
10:37   205.8 60 12345.0 
10:38 !   205.8 60 12345.0 
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10:39   205.8 60 12345.0 
10:40   212.2 212.2 60 12732.0 
10:41 !   216.9 60 13011.0 
10:42   216.9 60 13011.0 
10:43   216.9 60 13011.0 
10:44 !   216.9 60 13011.0 
10:45   221.5 221.5 60 13290.0 
10:46   229.1 60 13746.0 
10:47 !   229.1 60 13746.0 
10:48   229.1 60 13746.0 
10:49   229.1 60 13746.0 
10:50 ! 236.7 236.7 60 14202.0 
10:51   244.7 60 14682.0 
10:52   244.7 60 14682.0 
10:53 !   244.7 60 14682.0 
10:54   244.7 60 14682.0 
10:55   252.7 252.7 60 15162.0 
10:56 !   257.3 60 15435.0 
10:57   257.3 60 15435.0 
10:58   257.3 60 15435.0 
10:59   257.3 60 15435.0 
11:00 ! 261.8 261.8 60 15708.0 
11:01   264.5 60 15867.0 
11:02   264.5 60 15867.0 
11:03 !   264.5 60 15867.0 
11:04   264.5 60 15867.0 
11:05   267.1 267.1 60 16026.0 
11:06 !   259.6 60 15573.0 
11:07   259.6 60 15573.0 
11:08   259.6 60 15573.0 
11:09 !   259.6 60 15573.0 
11:10   252.0 252.0 60 15120.0 
11:11   244.4 60 14664.0 
11:12 !   244.4 60 14664.0 
11:13   244.4 60 14664.0 
11:14   244.4 60 14664.0 
11:15 ! 236.8 236.8 60 14208.0 
11:16   228.0 60 13677.0 
11:17   228.0 60 13677.0 
11:18 !   228.0 60 13677.0 
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11:19   228.0 60 13677.0 
11:20   219.1 219.1 60 13146.0 
11:21 !   211.1 60 12666.0 
11:22   211.1 60 12666.0 
11:23   211.1 60 12666.0 
11:24 !   211.1 60 12666.0 
11:25   203.1 203.1 60 12186.0 
11:26   197.3 60 11835.0 
11:27 !   197.3 60 11835.0 
11:27   197.3 60 11835.0 
11:28   197.3 60 11835.0 
11:29   197.3 60 11835.0 
11:30 ! 191.4 191.4 60 11484.0 
11:31   185.8 60 11148.0 
11:32   185.8 60 11148.0 
11:33 !   185.8 60 11148.0 
11:34   185.8 60 11148.0 
11:35   180.2 180.2 60 10812.0 
11:36 !   172.8 60 10365.0 
11:37   172.8 60 10365.0 
11:38   172.8 60 10365.0 
11:39 !   172.8 60 10365.0 
11:40   165.3 165.3 60 9918.0 
11:41   160.4 60 9621.0 
11:42 !   160.4 60 9621.0 
11:43   160.4 60 9621.0 
11:44   160.4 60 9621.0 
11:45 ! 155.4 155.4 60 9324.0 
11:46   150.9 60 9054.0 
11:47   150.9 60 9054.0 
11:48 !   150.9 60 9054.0 
11:49   150.9 60 9054.0 
11:50   146.4 146.4 60 8784.0 
11:51 !   141.6 60 8496.0 
11:52   141.6 60 8496.0 
11:53   141.6 60 8496.0 
11:54 !   141.6 60 8496.0 
11:55   136.8 136.8 60 8208.0 
11:56   133.9 60 8031.0 
11:57 !   133.9 60 8031.0 
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11:58   133.9 60 8031.0 
11:59   133.9 60 8031.0 
12:00 ! 130.9 130.9 60 7854.0 
12:01   128.6 60 7713.0 
12:02   128.6 60 7713.0 
12:03 !   128.6 60 7713.0 
12:04   128.6 60 7713.0 
12:05   126.2 126.2 60 7572.0 
12:06 !   124.3 60 7455.0 
12:07   124.3 60 7455.0 
12:08   124.3 60 7455.0 
12:09 !   124.3 60 7455.0 
12:10   122.3 122.3 60 7338.0 
12:11   121.1 60 7266.0 
12:12 !   121.1 60 7266.0 
12:13   121.1 60 7266.0 
12:14   121.1 60 7266.0 
12:15 ! 119.9 119.9 60 7194.0 
12:16   118.5 60 7110.0 
12:17   118.5 60 7110.0 
12:18 !   118.5 60 7110.0 
12:19   118.5 60 7110.0 
12:20   117.1 117.1 60 7026.0 
12:21 !   115.2 60 6909.0 
12:22   115.2 60 6909.0 
12:23   115.2 60 6909.0 
12:24 !   115.2 60 6909.0 
12:25   113.2 113.2 60 6792.0 
12:26   111.5 60 6687.0 
12:27 !   111.5 60 6687.0 
12:28   111.5 60 6687.0 
12:29   111.5 60 6687.0 
12:30 ! 109.7 109.7 60 6582.0 
12:31   107.4 60 6441.0 
12:32   107.4 60 6441.0 
12:33 !   107.4 60 6441.0 
12:34   107.4 60 6441.0 
12:35   105.0 105.0 60 6300.0 
12:36 !   101.0 60 6057.0 
12:37   101.0 60 6057.0 
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12:38   101.0 60 6057.0 
12:39 !   101.0 60 6057.0 
12:40   96.9 96.9 60 5814.0 
12:41   93.3 60 5595.0 
12:42 !   93.3 60 5595.0 
12:43   93.3 60 5595.0 
12:44   93.3 60 5595.0 
12:45 ! 89.6 89.6 60 5376.0 
12:46   85.4 60 5124.0 
12:47   85.4 60 5124.0 
12:48 !   85.4 60 5124.0 
12:49   85.4 60 5124.0 
12:50   81.2 81.2 60 4872.0 
12:51 !   75.0 60 4500.0 
12:52   75.0 60 4500.0 
12:53   75.0 60 4500.0 
12:54 !   75.0 60 4500.0 
12:55   68.8 68.8 60 4128.0 
12:56   63.6 60 3816.0 
12:57 !   63.6 60 3816.0 
12:58   63.6 60 3816.0 
12:59   63.6 60 3816.0 
13:00 ! 58.4 58.4 60 3504.0 
13:01   52.4 60 3141.0 
13:02   52.4 60 3141.0 
13:03 !   52.4 60 3141.0 
13:04   52.4 60 3141.0 
13:05   46.3 46.3 60 2778.0 
13:06   38.3 60 2295.0 
13:07 !   38.3 60 2295.0 
13:08   38.3 60 2295.0 
13:09   38.3 60 2295.0 
13:10   30.2 30.2 60 1812.0 
13:11   25.8 60 1548.0 
13:12 !   25.8 60 1548.0 
13:13   25.8 60 1548.0 
13:14   25.8 60 1548.0 
13:15   21.4 21.4 60 1284.0 
13:16   14.6 60 877.5 
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13:17     14.6 60 877.5 
13:18 !         
13:19           
13:20   7.85       
      
  Flow Information Available  Total Volume 
  Sampler Triggered   
     
1543533 cf 
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Table F.12: Winyah CDS Field Study Raw Flow Data: January 18, 2004 
 
 
Time Sampled Flow (cfs) 
Avg Q 
(cfs) 
Time 
(sec) Volume (cf) 
7:30   0.534       
7:31      
7:32 !   0.9 60 56.22 
7:33   0.9 60 56.22 
7:34   0.9 60 56.22 
7:35   1.34 1.3 60 80.4 
7:36   1.8 60 107.1 
7:37   1.8 60 107.1 
7:38   1.8 60 107.1 
7:39   1.8 60 107.1 
7:40   2.23 2.2 60 133.8 
7:41   2.6 60 153 
7:42   2.6 60 153 
7:43   2.6 60 153 
7:44   2.6 60 153 
7:45   2.87 2.9 60 172.2 
7:46   3.5 60 211.5 
7:47   3.5 60 211.5 
7:48 !   3.5 60 211.5 
7:49   3.5 60 211.5 
7:50   4.18 4.2 60 250.8 
7:51   4.8 60 286.5 
7:52   4.8 60 286.5 
7:53   4.8 60 286.5 
7:54   4.8 60 286.5 
7:55   5.37 5.4 60 322.2 
7:56   18.4 60 1106.1 
7:57   18.4 60 1106.1 
7:58 !   18.4 60 1106.1 
7:59   18.4 60 1106.1 
8:00   31.5 31.5 60 1890 
8:01   93.1 60 5583 
8:02 !   93.1 60 5583 
8:03   93.1 60 5583 
8:04   93.1 60 5583 
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8:05   154.6 154.6 60 9276 
8:06 !   165.6 60 9936 
8:07   165.6 60 9936 
8:08   165.6 60 9936 
8:09 !   165.6 60 9936 
8:10   176.6 176.6 60 10596 
8:11   180.1 60 10803 
8:12 !   180.1 60 10803 
8:13   180.1 60 10803 
8:14   180.1 60 10803 
8:15 ! 183.5 183.5 60 11010 
8:16   184.3 60 11055 
8:17   184.3 60 11055 
8:18 !   184.3 60 11055 
8:19   184.3 60 11055 
8:20   185.0 185.0 60 11100 
8:21 !   182.0 60 10917 
8:22   182.0 60 10917 
8:23   182.0 60 10917 
8:24 !   182.0 60 10917 
8:25   178.9 178.9 60 10734 
8:26   174.9 60 10491 
8:27 !   174.9 60 10491 
8:28   174.9 60 10491 
8:29   174.9 60 10491 
8:30   170.8 170.8 60 10248 
8:31 !   167.3 60 10038 
8:32   167.3 60 10038 
8:33   167.3 60 10038 
8:34 !   167.3 60 10038 
8:35   163.8 163.8 60 9828 
8:36   161.1 60 9666 
8:37 !   161.1 60 9666 
8:38   161.1 60 9666 
8:39   161.1 60 9666 
8:40 ! 158.4 158.4 60 9504 
8:41   157.0 60 9417 
8:42   157.0 60 9417 
8:43 !   157.0 60 9417 
8:44   157.0 60 9417 
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8:45   155.5 155.5 60 9330 
8:46 !   152.9 60 9174 
8:47   152.9 60 9174 
8:48   152.9 60 9174 
8:49 !   152.9 60 9174 
8:50   150.3 150.3 60 9018 
8:51   147.7 60 8862 
8:52 !   147.7 60 8862 
8:53   147.7 60 8862 
8:54   147.7 60 8862 
8:55 ! 145.1 145.1 60 8706 
8:56   142.9 60 8574 
8:57   142.9 60 8574 
8:58 !   142.9 60 8574 
8:59   142.9 60 8574 
9:00   140.7 140.7 60 8442 
9:01 !   137.8 60 8268 
9:02   137.8 60 8268 
9:03   137.8 60 8268 
9:04 !   137.8 60 8268 
9:05   134.9 134.9 60 8094 
9:06   132.8 60 7968 
9:07   132.8 60 7968 
9:08 !   132.8 60 7968 
9:09   132.8 60 7968 
9:10   130.7 130.7 60 7842 
9:11 !   129.4 60 7764 
9:12   129.4 60 7764 
9:13   129.4 60 7764 
9:14 !   129.4 60 7764 
9:15   128.1 128.1 60 7686 
9:16   126.9 60 7611 
9:17 !   126.9 60 7611 
9:18   126.9 60 7611 
9:19   126.9 60 7611 
9:20 ! 125.6 125.6 60 7536 
9:21   124.6 60 7476 
9:22   124.6 60 7476 
9:23 !   124.6 60 7476 
9:24   124.6 60 7476 
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9:25   123.6 123.6 60 7416 
9:26 !   122.3 60 7335 
9:27   122.3 60 7335 
9:28   122.3 60 7335 
9:29 !   122.3 60 7335 
9:30   120.9 120.9 60 7254 
9:31   119.9 60 7194 
9:32   119.9 60 7194 
9:33 !   119.9 60 7194 
9:34   119.9 60 7194 
9:35   118.9 118.9 60 7134 
9:36 !   118.0 60 7077 
9:37   118.0 60 7077 
9:38   118.0 60 7077 
9:39   118.0 60 7077 
9:40 ! 117.0 117.0 60 7020 
9:41   115.8 60 6945 
9:42   115.8 60 6945 
9:43 !   115.8 60 6945 
9:44   115.8 60 6945 
9:45   114.5 114.5 60 6870 
9:46   113.3 60 6795 
9:47 !   113.3 60 6795 
9:48   113.3 60 6795 
9:49   113.3 60 6795 
9:50 ! 112.0 112.0 60 6720 
9:51   110.4 60 6621 
9:52   110.4 60 6621 
9:53   110.4 60 6621 
9:54 !   110.4 60 6621 
9:55   108.7 108.7 60 6522 
9:56   106.5 60 6387 
9:57 !   106.5 60 6387 
9:58   106.5 60 6387 
9:59   106.5 60 6387 
10:00   104.2 104.2 60 6252 
10:01 !   101.4 60 6081 
10:02   101.4 60 6081 
10:03   101.4 60 6081 
10:04 !   101.4 60 6081 
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10:05   98.5 98.5 60 5910 
10:06   95.2 60 5712 
10:07   95.2 60 5712 
10:08 !   95.2 60 5712 
10:09   95.2 60 5712 
10:10   91.9 91.9 60 5514 
10:11 !   88.8 60 5325 
10:12   88.8 60 5325 
10:13   88.8 60 5325 
10:14   88.8 60 5325 
10:15 ! 85.6 85.6 60 5136 
10:16   80.3 60 4815 
10:17   80.3 60 4815 
10:18   80.3 60 4815 
10:19 !   80.3 60 4815 
10:20   74.9 74.9 60 4494 
10:21   68.9 60 4134 
10:22   68.9 60 4134 
10:23 !   68.9 60 4134 
10:24   68.9 60 4134 
10:25   62.9 62.9 60 3774 
10:26   58.5 60 3510 
10:27 !   58.5 60 3510 
10:28   58.5 60 3510 
10:29   58.5 60 3510 
10:30   54.1 54.1 60 3246 
10:31 !   49.7 60 2979 
10:32   49.7 60 2979 
10:33   49.7 60 2979 
10:34   49.7 60 2979 
10:35 ! 45.2 45.2 60 2712 
10:36   38.2 60 2292 
10:37   38.2 60 2292 
10:38   38.2 60 2292 
10:39 !   38.2 60 2292 
10:40   31.2 31.2 60 1872 
10:41   25.1 60 1503 
10:42   25.1 60 1503 
10:43   25.1 60 1503 
10:44 !   25.1 60 1503 
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10:45   18.9 18.9 60 1134 
10:46   14.6 60 873 
10:47   14.6 60 873 
10:48   14.6 60 873 
10:49     14.6 60 873 
10:50 ! 10.2 10.2 60 612 
      
  Flow Information Available  Total Volume 
  Sampler Triggered   
     
1205741 cf 
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APPENDIX G: SIMULATED STORM RAW FLOW DATA 
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Table G.1: BaySaver Simulated Storm Raw Flow Data: 20% 
 
Time Flow (cfs) 
Time 
(sec) Volume (cf)
11:25 0.000 60 0.00 
11:26 0.269 60 16.14 
11:27 0.266 60 15.96 
11:28 0.350 60 21.00 
11:29 0.313 60 18.78 
11:30 0.555 60 33.30 
11:31 0.516 60 30.96 
11:32 0.378 60 22.68 
11:33 0.447 60 26.82 
11:34 0.375 60 22.50 
11:35 0.167 60 10.02 
11:36 0.258 60 15.48 
11:37 0.215 60 12.90 
11:38 0.373 60 22.38 
11:39 0.507 60 30.42 
11:40 0.538 60 32.28 
11:41 0.248 60 14.88 
11:42 0.246 60 14.76 
11:43 0.307 60 18.42 
11:44 0.352 60 21.12 
11:45 0.383 60 22.98 
11:46 0.425 60 25.50 
11:47 0.300 60 18.00 
11:48 0.263 60 15.78 
11:49 0.337 60 20.22 
11:50 0.356 60 21.36 
11:51 0.688 60 41.28 
11:52 0.603 60 36.18 
11:53 0.605 60 36.30 
11:54 0.367 60 22.02 
11:55 0.386 60 23.16 
11:56 0.316 60 18.96 
11:57 0.405 60 24.30 
11:58 0.346 60 20.76 
11:59 0.332 60 19.92 
12:00 0.623 60 37.38 
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12:01 0.915 60 54.90 
12:02 1.374 60 82.44 
12:03 1.075 60 64.50 
12:04 0.197 60 11.82 
12:05 0.032 60 1.92 
   
Total 
Volume 
   1020.48 
   cf 
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Table G.2: BaySaver Simulated Storm Raw Flow Data: 40% 
 
Time Flow (cfs) 
Time 
(sec) Volume (cf)
10:59 0.237 60 14.22 
11:00 0.507 60 30.42 
11:01 0.614 60 36.84 
11:02 0.590 60 35.40 
11:03 0.780 60 46.80 
11:04 0.524 60 31.44 
11:05 0.795 60 47.70 
11:06 0.627 60 37.62 
11:07 0.475 60 28.50 
11:08 0.625 60 37.50 
11:09 0.441 60 26.46 
11:10 0.578 60 34.68 
11:11 0.578 60 34.68 
11:12 0.418 60 25.08 
11:13 0.886 60 53.16 
11:14 0.598 60 35.88 
11:15 0.733 60 43.98 
11:16 0.624 60 37.44 
11:17 0.903 60 54.18 
11:18 0.552 60 33.12 
11:19 0.900 60 54.00 
11:20 0.760 60 45.60 
11:21 0.215 60 12.90 
11:22 0.255 60 15.30 
11:23 0.425 60 25.50 
11:24 0.343 60 20.58 
11:25 0.502 60 30.12 
11:26 0.444 60 26.64 
11:27 0.492 60 29.52 
11:28 0.341 60 20.46 
11:29 0.849 60 50.94 
11:30 0.203 60 12.18 
11:31 0.193 60 11.58 
11:32 0.160 60 9.60 
11:33 0.290 60 17.40 
11:34 0.189 60 11.34 
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11:35 0.406 60 24.36 
11:36 0.543 60 32.58 
11:37 0.229 60 13.74 
11:38 0.266 60 15.96 
11:39 0.330 60 19.80 
11:40 0.294 60 17.64 
11:41 0.213 60 12.78 
11:42 0.861 60 51.66 
11:43 0.295 60 17.70 
11:44 0.616 60 36.96 
11:45 0.685 60 41.10 
11:46 0.594 60 35.64 
11:47 0.779 60 46.74 
11:48 0.728 60 43.68 
11:49 0.394 60 23.64 
11:50 0.702 60 42.12 
11:51 0.641 60 38.46 
11:52 0.813 60 48.78 
11:53 0.910 60 54.60 
11:54 0.387 60 23.22 
   
Total 
Volume 
   1759.92 
   cf 
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Table G.3: BaySaver Simulated Storm Raw Flow Data: 60% 
 
Time 
Flow 
(cfs) 
Time 
(sec) Volume (cf)
10:52 0.000 60 0.00 
10:53 0.089 60 5.34 
10:54 2.402 60 144.12 
10:55 1.916 60 114.96 
10:56 0.465 60 27.90 
10:57 0.547 60 32.82 
10:58 0.501 60 30.06 
10:59 0.300 60 18.00 
11:00 0.647 60 38.82 
11:01 0.463 60 27.78 
11:02 0.513 60 30.78 
11:03 0.346 60 20.76 
11:04 0.507 60 30.42 
11:05 0.625 60 37.50 
11:06 1.008 60 60.48 
11:07 1.721 60 103.26 
11:08 2.344 60 140.64 
11:09 1.888 60 113.28 
11:10 1.055 60 63.30 
11:11 1.789 60 107.34 
11:12 1.778 60 106.68 
11:13 1.278 60 76.68 
11:14 0.717 60 43.02 
11:15 0.605 60 36.30 
11:16 0.541 60 32.46 
11:17 0.567 60 34.02 
11:18 0.787 60 47.22 
11:19 0.709 60 42.54 
11:20 0.923 60 55.38 
11:21 0.666 60 39.96 
11:22 0.929 60 55.74 
11:23 0.529 60 31.74 
11:24 0.641 60 38.46 
11:25 0.837 60 50.22 
11:26 0.710 60 42.60 
11:27 1.005 60 60.30 
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11:28 0.949 60 56.94 
11:29 0.658 60 39.48 
11:30 1.380 60 82.80 
11:31 1.214 60 72.84 
11:32 1.415 60 84.90 
11:33 0.601 60 36.06 
11:34 0.894 60 53.64 
11:35 0.574 60 34.44 
11:36 1.240 60 74.40 
11:37 1.013 60 60.78 
11:38 0.816 60 48.96 
11:39 0.574 60 34.44 
11:40 1.240 60 74.40 
11:41 1.013 60 60.78 
11:42 0.816 60 48.96 
   
Total 
Volume 
   2804.70 
   cf 
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Table G.4: BaySaver Simulated Storm Raw Flow Data: 80% 
 
Time 
Flow 
(cfs) 
Time 
(sec) Volume (cf)
11:05 0.000 60 0.00 
11:06 0.111 60 6.66 
11:07 0.389 60 23.34 
11:08 0.462 60 27.72 
11:09 0.599 60 35.94 
11:10 0.634 60 38.04 
11:11 0.939 60 56.34 
11:12 1.317 60 79.02 
11:13 2.108 60 126.48 
11:14 2.613 60 156.78 
11:15 0.732 60 43.92 
11:16 0.448 60 26.88 
11:17 0.491 60 29.46 
11:18 0.512 60 30.72 
11:19 0.608 60 36.48 
11:20 1.917 60 115.02 
11:21 1.996 60 119.76 
11:22 0.764 60 45.84 
11:23 0.714 60 42.84 
11:24 0.720 60 43.20 
11:25 0.820 60 49.20 
11:26 1.123 60 67.38 
11:27 0.914 60 54.84 
11:28 1.102 60 66.12 
11:29 0.994 60 59.64 
11:30 0.740 60 44.40 
11:31 0.625 60 37.50 
11:32 1.360 60 81.60 
11:33 1.930 60 115.80 
11:34 1.573 60 94.38 
11:35 2.264 60 135.84 
11:36 0.449 60 26.94 
11:37 0.705 60 42.30 
11:38 0.630 60 37.80 
11:39 0.516 60 30.96 
11:40 0.621 60 37.26 
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11:41 1.172 60 70.32 
11:42 1.480 60 88.80 
11:43 1.466 60 87.96 
11:44 1.440 60 86.40 
11:45 1.254 60 75.24 
11:46 0.866 60 51.96 
11:47 0.732 60 43.92 
11:48 0.751 60 45.06 
11:49 1.843 60 110.58 
11:50 1.402 60 84.12 
11:51 1.613 60 96.78 
11:52 1.322 60 79.32 
11:53 1.337 60 80.22 
11:54 1.017 60 61.02 
11:55 1.480 60 88.80 
   
Total 
Volume 
   3216.90 
   cf 
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Table G.5: BaySaver Simulated Storm Raw Flow Data: 100% 
 
Time Flow (cfs) 
Time 
(sec) Volume (cf)
10:36 0.000 60 0.00 
10:37 1.813 60 108.78 
10:38 1.247 60 74.82 
10:39 1.853 60 111.18 
10:40 1.424 60 85.44 
10:41 1.617 60 97.02 
10:42 0.966 60 57.96 
10:43 1.688 60 101.28 
10:44 2.671 60 160.26 
10:45 1.125 60 67.50 
10:46 1.269 60 76.14 
10:47 1.217 60 73.02 
10:48 2.123 60 127.38 
10:49 2.227 60 133.62 
10:50 1.428 60 85.68 
10:51 1.848 60 110.88 
10:52 1.826 60 109.56 
10:53 1.757 60 105.42 
10:54 1.566 60 93.96 
10:55 1.233 60 73.98 
10:56 1.405 60 84.30 
10:57 2.272 60 136.32 
10:58 1.584 60 95.04 
10:59 1.155 60 69.30 
11:00 1.456 60 87.36 
11:01 1.825 60 109.50 
11:02 1.059 60 63.54 
11:03 1.153 60 69.18 
11:04 1.351 60 81.06 
11:05 1.492 60 89.52 
11:06 1.252 60 75.12 
11:07 1.114 60 66.84 
11:08 1.890 60 113.40 
11:09 1.854 60 111.24 
11:10 1.948 60 116.88 
11:11 1.648 60 98.88 
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11:12 1.642 60 98.52 
11:13 1.192 60 71.52 
11:14 1.408 60 84.48 
11:15 1.642 60 98.52 
11:16 1.920 60 115.20 
   
Total 
Volume 
   3789.60 
   cf 
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Table G.6: CDS Simulated Storm Raw Flow Data: 20% 
 
Time Flow (cfs) 
Time 
(sec) Volume (cf) 
11:25 0.738 60 44.28 
11:26 0.960 60 57.60 
11:27 0.890 60 53.40 
11:28 0.386 60 23.16 
11:29 0.265 60 15.90 
11:30 0.215 60 12.90 
11:31 0.215 60 12.90 
11:32 0.201 60 12.06 
11:33 0.207 60 12.42 
11:34 0.194 60 11.64 
11:35 0.198 60 11.88 
11:36 0.231 60 13.86 
11:37 0.350 60 21.00 
11:38 0.429 60 25.74 
11:39 0.429 60 25.74 
11:40 0.431 60 25.86 
11:41 0.451 60 27.06 
11:42 0.525 60 31.50 
11:43 0.380 60 22.80 
11:44 0.361 60 21.66 
11:45 0.356 60 21.36 
11:46 0.344 60 20.64 
11:47 0.340 60 20.40 
11:48 0.350 60 21.00 
11:49 0.351 60 21.06 
11:50 0.357 60 21.42 
11:51 0.358 60 21.48 
11:52 0.348 60 20.88 
11:53 0.337 60 20.22 
11:54 0.354 60 21.24 
11:55 0.353 60 21.18 
11:56 0.345 60 20.70 
11:57 0.342 60 20.52 
11:58 0.308 60 18.48 
11:59 0.318 60 19.08 
12:00 0.322 60 19.32 
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12:01 0.316 60 18.96 
12:02 0.291 60 17.46 
12:03 0.263 60 15.78 
12:04 0.266 60 15.96 
12:05 0.297 60 17.82 
   
Total 
Volume 
   898.32 
   cf 
 
 223
Table G.7: CDS Simulated Storm Raw Flow Data: 40% 
 
Time Flow (cfs) 
Time 
(sec) Volume (cf)
10:59 0.123 60 7.38 
11:00 0.830 60 49.80 
11:01 0.833 60 49.98 
11:02 0.733 60 43.98 
11:03 0.743 60 44.58 
11:04 0.726 60 43.56 
11:05 0.744 60 44.64 
11:06 0.764 60 45.84 
11:07 0.705 60 42.30 
11:08 0.706 60 42.36 
11:09 0.714 60 42.84 
11:10 0.692 60 41.52 
11:11 0.698 60 41.88 
11:12 0.690 60 41.40 
11:13 0.681 60 40.86 
11:14 0.698 60 41.88 
11:15 0.646 60 38.76 
11:16 0.634 60 38.04 
11:17 0.633 60 37.98 
11:18 0.633 60 37.98 
11:19 0.615 60 36.90 
11:20 0.633 60 37.98 
11:21 0.801 60 48.06 
11:22 0.892 60 53.52 
11:23 0.877 60 52.62 
11:24 0.886 60 53.16 
11:25 0.904 60 54.24 
11:26 0.911 60 54.66 
11:27 0.912 60 54.72 
11:28 0.911 60 54.66 
11:29 0.919 60 55.14 
11:30 0.796 60 47.76 
11:31 0.581 60 34.86 
11:32 0.557 60 33.42 
11:33 0.546 60 32.76 
11:34 0.585 60 35.10 
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11:35 0.595 60 35.70 
11:36 0.596 60 35.76 
11:37 0.547 60 32.82 
11:38 0.629 60 37.74 
11:39 0.960 60 57.60 
11:40 0.631 60 37.86 
11:41 0.469 60 28.14 
11:42 0.460 60 27.60 
11:43 0.610 60 36.60 
11:44 0.654 60 39.24 
11:45 0.576 60 34.56 
11:46 0.563 60 33.78 
11:47 0.563 60 33.78 
11:48 0.553 60 33.18 
11:49 0.585 60 35.10 
11:50 0.574 60 34.44 
11:51 0.594 60 35.64 
11:52 0.543 60 32.58 
11:53 0.344 60 20.64 
11:54 0.252 60 15.12 
   
Total 
Volume 
   3360.00 
   cf 
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Table G.8: CDS Simulated Storm Raw Flow Data: 60% 
 
Time Flow (cfs) 
Time 
(sec) Volume (cf)
10:52 0.000 60 0.00 
10:53 1.704 60 102.24 
10:54 2.084 60 125.04 
10:55 1.187 60 71.22 
10:56 0.805 60 48.30 
10:57 0.565 60 33.90 
10:58 0.566 60 33.96 
10:59 0.679 60 40.74 
11:00 0.796 60 47.76 
11:01 0.803 60 48.18 
11:02 0.867 60 52.02 
11:03 0.786 60 47.16 
11:04 0.979 60 58.74 
11:05 1.140 60 68.40 
11:06 1.155 60 69.30 
11:07 1.320 60 79.20 
11:08 1.136 60 68.16 
11:09 1.058 60 63.48 
11:10 1.026 60 61.56 
11:11 1.002 60 60.12 
11:12 0.987 60 59.22 
11:13 0.969 60 58.14 
11:14 1.034 60 62.04 
11:15 1.086 60 65.16 
11:16 1.088 60 65.28 
11:17 1.075 60 64.50 
11:18 1.088 60 65.28 
11:19 1.161 60 69.66 
11:20 1.058 60 63.48 
11:21 1.026 60 61.56 
11:22 1.122 60 67.32 
11:23 1.080 60 64.80 
11:24 1.393 60 83.58 
11:25 1.924 60 115.44 
11:26 0.823 60 49.38 
11:27 0.688 60 41.28 
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11:28 0.694 60 41.64 
11:29 0.852 60 51.12 
11:30 0.910 60 54.60 
11:31 0.938 60 56.28 
11:32 0.953 60 57.18 
11:33 0.950 60 57.00 
11:34 0.993 60 59.58 
11:35 0.945 60 56.70 
11:36 0.968 60 58.08 
11:37 0.936 60 56.16 
11:38 0.913 60 54.78 
11:39 0.939 60 56.34 
11:40 0.880 60 52.80 
11:41 0.736 60 44.16 
11:42 0.439 60 26.34 
   
Total 
Volume 
   3018.36 
   cf 
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Table G.9: CDS Simulated Storm Flow Data: 80% 
 
Time Flow (cfs) 
Time 
(sec) Volume (cf)
11:05 0.000 60 0.00 
11:06 0.592 60 35.52 
11:07 0.834 60 50.04 
11:08 1.147 60 68.82 
11:09 1.581 60 94.86 
11:10 1.430 60 85.80 
11:11 1.310 60 78.60 
11:12 1.269 60 76.14 
11:13 1.201 60 72.06 
11:14 1.421 60 85.26 
11:15 1.469 60 88.14 
11:16 1.524 60 91.44 
11:17 1.543 60 92.58 
11:18 1.398 60 83.88 
11:19 1.322 60 79.32 
11:20 1.233 60 73.98 
11:21 1.180 60 70.80 
11:22 1.270 60 76.20 
11:23 1.287 60 77.22 
11:24 1.345 60 80.70 
11:25 1.338 60 80.28 
11:26 1.304 60 78.24 
11:27 1.292 60 77.52 
11:28 1.868 60 112.08 
11:29 1.522 60 91.32 
11:30 1.039 60 62.34 
11:31 0.858 60 51.48 
11:32 0.813 60 48.78 
11:33 0.846 60 50.76 
11:34 1.008 60 60.48 
11:35 1.299 60 77.94 
11:36 1.407 60 84.42 
11:37 1.417 60 85.02 
11:38 1.356 60 81.36 
11:39 1.351 60 81.06 
11:40 1.202 60 72.12 
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11:41 1.185 60 71.10 
11:42 1.136 60 68.16 
11:43 1.174 60 70.44 
11:44 1.038 60 62.28 
11:45 1.093 60 65.58 
11:46 1.140 60 68.40 
11:47 1.105 60 66.30 
11:48 1.184 60 71.04 
11:49 1.075 60 64.50 
11:50 1.076 60 64.56 
11:51 1.083 60 64.98 
11:52 1.090 60 65.40 
11:53 1.085 60 65.10 
11:54 1.154 60 69.24 
11:55 1.099 60 65.94 
   
Total 
Volume 
   3659.58 
   cf 
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Table G.10: CDS Simulated Storm Raw Flow Data: 100% 
 
Time Flow (cfs) 
Time 
(sec) Volume (cf)
10:36 0.000 60 0.00 
10:37 1.982 60 118.92 
10:38 2.280 60 136.80 
10:39 1.923 60 115.38 
10:40 1.517 60 91.02 
10:41 1.424 60 85.44 
10:42 1.381 60 82.86 
10:43 1.280 60 76.80 
10:44 1.303 60 78.18 
10:45 1.476 60 88.56 
10:46 1.689 60 101.34 
10:47 1.592 60 95.52 
10:48 1.512 60 90.72 
10:49 1.508 60 90.48 
10:50 1.567 60 94.02 
10:51 1.682 60 100.92 
10:52 1.743 60 104.58 
10:53 1.578 60 94.68 
10:54 1.466 60 87.96 
10:55 1.541 60 92.46 
10:56 1.470 60 88.20 
10:57 1.495 60 89.70 
10:58 1.516 60 90.96 
10:59 1.537 60 92.22 
11:00 1.663 60 99.78 
11:01 1.581 60 94.86 
11:02 1.578 60 94.68 
11:03 1.409 60 84.54 
11:04 1.466 60 87.96 
11:05 1.428 60 85.68 
11:06 1.483 60 88.98 
11:07 1.440 60 86.40 
11:08 1.560 60 93.60 
11:09 1.691 60 101.46 
11:10 1.690 60 101.40 
11:11 1.743 60 104.58 
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11:12 1.495 60 89.70 
11:13 1.514 60 90.84 
11:14 1.599 60 95.94 
11:15 1.600 60 96.00 
11:16 1.935 60 116.10 
   
Total 
Volume 
   3800.22 
   cf 
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Table G.11: Stormceptor Simulated Storm Raw Flow Data: 20% 
 
Time Flow (cfs) 
Time 
(sec) Volume (cf)
11:25 0.002 60 0.12 
11:26 0.153 60 9.18 
11:27 0.380 60 22.80 
11:28 0.669 60 40.14 
11:29 0.338 60 20.28 
11:30 0.133 60 7.98 
11:31 0.625 60 37.50 
11:32 0.155 60 9.30 
11:33 0.275 60 16.50 
11:34 0.387 60 23.22 
11:35 0.197 60 11.82 
11:36 0.314 60 18.84 
11:37 0.211 60 12.66 
11:38 0.161 60 9.66 
11:39 1.574 60 94.44 
11:40 0.404 60 24.24 
11:41 0.710 60 42.60 
11:42 0.454 60 27.24 
11:43 0.358 60 21.48 
11:44 0.384 60 23.04 
11:45 0.693 60 41.58 
11:46 0.529 60 31.74 
11:47 0.246 60 14.76 
11:48 0.373 60 22.38 
11:49 0.376 60 22.56 
11:50 0.477 60 28.62 
11:51 0.447 60 26.82 
11:52 0.321 60 19.26 
11:53 0.350 60 21.00 
11:54 0.511 60 30.66 
11:55 0.924 60 55.44 
11:56 0.538 60 32.28 
11:57 0.707 60 42.42 
11:58 0.284 60 17.04 
11:59 0.223 60 13.38 
12:00 0.551 60 33.06 
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12:01 0.273 60 16.38 
12:02 0.279 60 16.74 
12:03 0.201 60 12.06 
12:04 0.166 60 9.96 
12:05 0.166 60 9.96 
   
Total 
Volume 
   991.14 
   cf 
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Table G.12: Stormceptor Simulated Storm Raw Flow Data: 40% 
 
Time Flow (cfs) 
Time 
(sec) Volume (cf)
10:59 0.053 60 3.18 
11:00 0.560 60 33.60 
11:01 0.152 60 9.12 
11:02 0.713 60 42.78 
11:03 0.650 60 39.00 
11:04 0.168 60 10.08 
11:05 0.220 60 13.20 
11:06 0.368 60 22.08 
11:07 0.170 60 10.20 
11:08 0.417 60 25.02 
11:09 0.295 60 17.70 
11:10 0.271 60 16.26 
11:11 1.988 60 119.28 
11:12 0.197 60 11.82 
11:13 0.310 60 18.60 
11:14 0.160 60 9.60 
11:15 0.815 60 48.90 
11:16 0.706 60 42.36 
11:17 0.852 60 51.12 
11:18 0.296 60 17.76 
11:19 0.362 60 21.72 
11:20 0.435 60 26.10 
11:21 0.638 60 38.28 
11:22 0.670 60 40.20 
11:23 1.094 60 65.64 
11:24 0.920 60 55.20 
11:25 1.878 60 112.68 
11:26 0.414 60 24.84 
11:27 0.182 60 10.92 
11:28 0.472 60 28.32 
11:29 0.173 60 10.38 
11:30 0.089 60 5.34 
11:31 1.346 60 80.76 
11:32 0.420 60 25.20 
11:33 0.362 60 21.72 
11:34 0.343 60 20.58 
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11:35 0.237 60 14.22 
11:36 0.174 60 10.44 
11:37 0.411 60 24.66 
11:38 0.256 60 15.36 
11:39 0.106 60 6.36 
11:40 1.300 60 78.00 
11:41 0.400 60 24.00 
11:42 0.343 60 20.58 
11:43 0.107 60 6.42 
11:44 0.156 60 9.36 
11:45 0.372 60 22.32 
11:46 1.339 60 80.34 
11:47 0.657 60 39.42 
11:48 0.620 60 37.20 
11:49 0.742 60 44.52 
11:50 0.846 60 50.76 
11:51 0.760 60 45.60 
11:52 0.997 60 59.82 
11:53 1.438 60 86.28 
11:54 0.175 60 10.50 
   
Total 
Volume 
   1835.70 
   cf 
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Table G.13: Stormceptor Simulated Storm Flow Data: 60% 
 
Time Flow (cfs) 
Time 
(sec) Volume (cf)
10:52 0.000 60 0.00 
10:53 0.075 60 4.50 
10:54 1.395 60 83.70 
10:55 0.702 60 42.12 
10:56 0.640 60 38.40 
10:57 0.500 60 30.00 
10:58 0.554 60 33.24 
10:59 2.447 60 146.82 
11:00 0.855 60 51.30 
11:01 0.436 60 26.16 
11:02 0.738 60 44.28 
11:03 0.775 60 46.50 
11:04 0.451 60 27.06 
11:05 0.733 60 43.98 
11:06 1.725 60 103.50 
11:07 2.384 60 143.04 
11:08 1.826 60 109.56 
11:09 1.084 60 65.04 
11:10 0.984 60 59.04 
11:11 0.733 60 43.98 
11:12 1.571 60 94.26 
11:13 1.498 60 89.88 
11:14 0.430 60 25.80 
11:15 0.659 60 39.54 
11:16 0.588 60 35.28 
11:17 0.591 60 35.46 
11:18 0.872 60 52.32 
11:19 0.252 60 15.12 
11:20 0.678 60 40.68 
11:21 0.254 60 15.24 
11:22 0.351 60 21.06 
11:23 1.271 60 76.26 
11:24 0.875 60 52.50 
11:25 0.605 60 36.30 
11:26 0.796 60 47.76 
11:27 1.417 60 85.02 
 236
11:28 1.002 60 60.12 
11:29 1.256 60 75.36 
11:30 0.945 60 56.70 
11:31 0.777 60 46.62 
11:32 0.841 60 50.46 
11:33 0.930 60 55.80 
11:34 1.047 60 62.82 
11:35 0.883 60 52.98 
11:36 0.689 60 41.34 
11:37 0.428 60 25.68 
11:38 1.532 60 91.92 
11:39 0.616 60 36.96 
11:40 0.880 60 52.80 
11:41 0.449 60 26.94 
11:42 1.467 60 88.02 
   
Total 
Volume 
   2729.22 
   cf 
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Table G.14: Stormceptor Simulated Storm Raw Flow Data: 80% 
Time Flow (cfs) 
Time 
(sec) Volume (cf)
11:05 0.000 60 0.00 
11:06 0.048 60 2.88 
11:07 0.115 60 6.90 
11:08 0.338 60 20.28 
11:09 0.000 60 0.00 
11:10 0.149 60 8.94 
11:11 0.223 60 13.38 
11:12 0.144 60 8.64 
11:13 1.323 60 79.38 
11:14 1.915 60 114.90 
11:15 0.928 60 55.68 
11:16 0.349 60 20.94 
11:17 0.214 60 12.84 
11:18 0.204 60 12.24 
11:19 2.016 60 120.96 
11:20 2.554 60 153.24 
11:21 2.403 60 144.18 
11:22 2.189 60 131.34 
11:23 1.109 60 66.54 
11:24 1.017 60 61.02 
11:25 0.982 60 58.92 
11:26 1.184 60 71.04 
11:27 0.659 60 39.54 
11:28 0.845 60 50.70 
11:29 1.040 60 62.40 
11:30 0.637 60 38.22 
11:31 0.816 60 48.96 
11:32 1.236 60 74.16 
11:33 1.928 60 115.68 
11:34 2.239 60 134.34 
11:35 1.749 60 104.94 
11:36 1.165 60 69.90 
11:37 0.583 60 34.98 
11:38 0.731 60 43.86 
11:39 0.613 60 36.78 
11:40 0.337 60 20.22 
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11:41 0.175 60 10.50 
11:42 1.935 60 116.10 
11:43 2.203 60 132.18 
11:44 1.865 60 111.90 
11:45 1.670 60 100.20 
11:46 0.591 60 35.46 
11:47 1.076 60 64.56 
11:48 1.397 60 83.82 
11:49 1.336 60 80.16 
11:50 1.117 60 67.02 
11:51 0.587 60 35.22 
11:52 0.679 60 40.74 
11:53 1.344 60 80.64 
11:54 0.640 60 38.40 
11:55 2.040 60 122.40 
   
Total 
Volume 
   3158.22 
   cf 
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Table G.15: Stormceptor Simulated Storm Raw Flow Data: 100% 
 
Time Flow (cfs) 
Time 
(sec) Volume (cf)
10:36 0.000 60 0.00 
10:37 2.200 60 132.00 
10:38 1.823 60 109.38 
10:39 1.322 60 79.32 
10:40 1.550 60 93.00 
10:41 1.422 60 85.32 
10:42 1.700 60 102.00 
10:43 1.173 60 70.38 
10:44 1.164 60 69.84 
10:45 1.718 60 103.08 
10:46 1.530 60 91.80 
10:47 1.544 60 92.64 
10:48 0.920 60 55.20 
10:49 1.880 60 112.80 
10:50 1.328 60 79.68 
10:51 1.611 60 96.66 
10:52 2.411 60 144.66 
10:53 1.016 60 60.96 
10:54 2.070 60 124.20 
10:55 1.119 60 67.14 
10:56 1.196 60 71.76 
10:57 0.682 60 40.92 
10:58 1.220 60 73.20 
10:59 1.813 60 108.78 
11:00 1.749 60 104.94 
11:01 1.871 60 112.26 
11:02 1.372 60 82.32 
11:03 0.954 60 57.24 
11:04 0.771 60 46.26 
11:05 1.772 60 106.32 
11:06 1.682 60 100.92 
11:07 1.707 60 102.42 
11:08 1.846 60 110.76 
11:09 1.639 60 98.34 
11:10 1.697 60 101.82 
11:11 1.171 60 70.26 
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11:12 1.904 60 114.24 
11:13 2.291 60 137.46 
11:14 2.283 60 136.98 
11:15 1.596 60 95.76 
11:16 1.366 60 81.96 
   
Total 
Volume 
   3724.98 
   cf 
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APPENIX H: SIEVE ANALYSIS RAW DATA 
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Table H.1: Miami Sediment Sieve Analysis Raw Data 
 
Sieve # Size (mm) 
Tray 
(g) 
W/ Sediment 
(g) 
Sediment  
(g) 
% by 
Weight Cum 
% 
Finer 
4 4750 657.7 667.3 9.6 0.6 0.6 99.4 
8 2360 488.9 520.6 31.7 2.1 2.7 97.3 
10 2000 442.3 459.6 17.3 1.1 3.8 96.2 
16 1180 554.4 593.0 38.6 2.5 6.3 93.7 
20 850 611.8 634.5 22.7 1.5 7.8 92.2 
30 600 523.3 564.3 41.0 2.7 10.5 89.5 
40 425 379.4 422.6 43.2 2.8 13.3 86.7 
50 300 358.0 404.7 46.7 3.0 16.3 83.7 
60 250 365.6 394.2 28.6 1.9 18.2 81.8 
100 150 354.2 1198.2 844.0 55.0 73.2 26.8 
120 125 518.8 531.7 12.9 0.8 74.0 26.0 
200 75 338.1 538.0 199.9 13.0 87.0 13.0 
Bottom < 75 336.2 557.1 220.9 14.4 100.0 0.0 
      Weight 
of Cup 
(g) 
91.1 
      
      Cup w/ 
Sediment 
(g) 
1626.8 
      
      Total 
Sediment 
(g) 
1535.7 
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Table H.2: Sediment Recovered in Flow Splitter 
 
Sieve # Size (mm) 
Tray 
(g) 
W/ Sediment 
(g) 
Sediment  
(g) 
% by 
Weight Cum 
% 
Finer 
4 4750 657.5 713.5 56.0 3.5 3.5 96.5 
8 2360 489.1 632.5 143.4 9.0 12.6 87.4 
10 2000 406.2 542.6 136.4 8.6 21.1 78.9 
16 1180 555.3 778.1 222.8 14.0 35.2 64.8 
20 850 612.3 715.3 103.0 6.5 41.6 58.4 
30 600 523.7 589.0 65.3 4.1 45.8 54.2 
40 425 379.8 442.6 62.8 4.0 49.7 50.3 
50 300 358.0 417.8 59.8 3.8 53.5 46.5 
60 250 365.5 403.3 37.8 2.4 55.9 44.1 
100 150 354.7 794.3 439.6 27.7 83.5 16.5 
120 125 518.9 540.7 21.8 1.4 84.9 15.1 
200 75 338.5 509.5 171.0 10.8 95.7 4.3 
Bottom < 75 366.0 420.9 54.9 3.5 100.0 0.0 
      Weight 
of Cup 
(g) 
90.9 
      
      Cup w/ 
Sediment 
(g) 
1679.6 
      
      Total 
Sediment 
(g) 
1588.7 
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Table H.3: Sediment Recovered in the CDS Entrance 
 
Sieve # Size (mm) 
Tray 
(g) 
W/ Sediment 
(g) 
Sediment  
(g) 
% by 
Weight Cum 
% 
Finer 
4 4750 657.0 671.5 14.5 0.7 0.7 99.3 
8 2360 488.6 489.1 0.5 0.0 0.7 99.3 
10 2000 441.9 442.1 0.2 0.0 0.7 99.3 
20 850 612.4 664.2 51.8 2.5 3.2 96.8 
30 600 523.2 558.0 34.8 1.7 4.9 95.1 
40 425 379.6 437.7 58.1 2.8 7.7 92.3 
60 250 365.8 622.0 256.2 12.4 20.2 79.8 
100 150 354.6 1537.3 1182.7 57.3 77.4 22.6 
120 125 518.3 545.0 26.7 1.3 78.7 21.3 
200 75 502.3 727.1 224.8 10.9 89.6 10.4 
Bottom < 75 366.0 579.4 213.4 10.3 100.0 0.0 
      Weight 
of Cup 
(g) 
91.1 
      
      Cup w/ 
Sediment 
(g) 
1413.5 
      
      Cup w/ 
Sediment 
(g) 
833.2 
      
      Total 
Sediment 
(g) 
2064.5 
      
 
 245
Table H.4: Sediment Recovered from CDS Screening 
 
Sieve # Size (mm) 
Tray 
(g) 
W/ Sediment 
(g) 
Sediment  
(g) 
% by 
Weight Cum 
% 
Finer 
4 4750 657.0 660.8 3.8 0.2 0.2 99.8 
8 2360 488.7 489.9 1.2 0.1 0.3 99.7 
10 2000 442.3 443.0 0.7 0.0 0.4 99.6 
20 850 613.7 618.7 5.0 0.3 0.7 99.3 
30 600 523.7 528.4 4.7 0.3 1.0 99.0 
40 425 379.9 390.1 10.2 0.7 1.7 98.3 
60 250 365.8 426.9 61.1 4.0 5.7 94.3 
100 150 354.5 861.2 506.7 33.1 38.7 61.3 
120 125 518.1 587.7 69.6 4.5 43.3 56.7 
200 75 502.3 967.4 465.1 30.4 73.6 26.4 
Bottom < 75 366.0 769.8 403.8 26.4 100.0 0.0 
      Weight 
of Cup 
(g) 
91.1 
      
      Cup w/ 
Sediment 
(g) 
855.9 
      
      Cup w/ 
Sediment 
(g) 
858.4 
      
      Total 
Sediment 
(g) 
1532.1 
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Table H.5: Sediment Recovered from CDS Sump 
 
Sieve # Size (mm) 
Tray 
(g) 
W/ Sediment 
(g) 
Sediment  
(g) 
% by 
Weight Cum 
% 
Finer 
4 4750 657.0 685.4 28.4 1.1 1.1 98.9 
8 2360 488.4 549.5 61.1 2.3 3.4 96.6 
10 2000 442.0 459.7 17.7 0.7 4.0 96.0 
20 850 613.0 827.3 214.3 8.1 12.1 87.9 
30 600 524.0 647.7 123.7 4.7 16.8 83.2 
40 425 379.7 593.6 213.9 8.1 24.9 75.1 
60 250 365.4 1570.1 1204.7 45.5 70.3 29.7 
100 150 354.4 842.8 488.4 18.4 88.8 11.2 
120 125 518.0 542.7 24.7 0.9 89.7 10.3 
200 75 502.3 667.6 165.3 6.2 95.9 4.1 
Bottom < 75 366.0 473.1 107.1 4.0 100.0 0.0 
      Weight of 
Cup (g) 91.0       
      Cup w/ 
Sediment 
(g) 
1624.9 
      
      Cup w/ 
Sediment 
(g) 
1207.3 
      
      Total 
Sediment 
(g) 
2650.2 
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Table H.6: Sediment Recovered from BaySaver Primary Manhole 
 
Sieve # Size (mm) 
Tray 
(g) 
W/ Sediment 
(g) 
Sediment  
(g) 
% by 
Weight Cum 
% 
Finer 
4 4750 656.9 660.8 3.9 0.3 0.3 99.7 
8 2360 489.2 528.2 39.0 3.3 3.7 96.3 
10 2000 443.0 461.4 18.4 1.6 5.3 94.7 
16 1180 554.8 528.4 -26.4 -2.3 3.0 97.0 
20 850 612.5 645.5 33.0 2.8 5.8 94.2 
30 600 523.4 555.1 31.7 2.7 8.6 91.4 
40 425 379.4 428.2 48.8 4.2 12.7 87.3 
50 300 358.1 432.8 74.7 6.4 19.2 80.8 
60 250 365.6 422.5 56.9 4.9 24.0 76.0 
100 150 354.6 831.4 476.8 40.9 65.0 35.0 
120 125 518.5 548.5 30.0 2.6 67.5 32.5 
200 75 338.6 526.4 187.8 16.1 83.7 16.3 
Bottom < 75 366.6 479.6 113.0 9.7 100.0 0.0 
      Weight 
of Cup 
(g) 
90.9 
      
      Cup w/ 
Sediment 
(g) 
1255.7 
      
      Total 
Sediment 
(g) 
1164.8 
      
 
 248
Table H.7: Sediment Recovered from BaySaver Storage Manhole 
 
Sieve # Size (mm) 
Tray 
(g) 
W/ Sediment 
(g) 
Sediment  
(g) 
% by 
Weight Cum 
% 
Finer 
4 4750 657.1 661.0 3.9 0.3 0.3 99.7 
8 2360 488.7 504.6 15.9 1.3 1.6 98.4 
10 2000 442.8 445.8 3.0 0.2 1.8 98.2 
16 1180 554.2 572.6 18.4 1.5 3.3 96.7 
20 850 611.0 627.1 16.1 1.3 4.6 95.4 
30 600 523.8 538.5 14.7 1.2 5.8 94.2 
40 425 379.6 405.9 26.3 2.1 7.9 92.1 
50 300 357.8 410.6 52.8 4.2 12.1 87.9 
60 250 365.4 414.0 48.6 3.9 16.0 84.0 
100 150 354.3 1086.3 732.0 58.6 74.6 25.4 
120 125 518.2 534.9 16.7 1.3 76.0 24.0 
200 75 338.1 502.2 164.1 13.1 89.1 10.9 
Bottom < 75 366.1 496.4 130.3 10.4 100.0 0.0 
      Weight 
of Cup 
(g) 
90.6 
      
      Cup w/ 
Sediment 
(g) 
1339.3 
      
      Total 
Sediment 
(g) 
1248.7 
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Table H.8: Sediment Recovered from Stormceptor Sump 
 
Sieve # 
Size 
(mm) 
Tray 
(g) 
W/ Sediment 
(g) 
Sediment  
(g) 
% by 
Weight Cum 
% 
Finer 
4 4750 658.0 679.6 21.6 2.4 2.4 97.6 
8 2360 480.0 531.4 51.4 5.6 8.0 92.0 
10 2000 442.4 457.1 14.7 1.6 9.6 90.4 
16 1180 555.1 591.2 36.1 3.9 13.5 86.5 
20 850 612.2 636.3 24.1 2.6 16.1 83.9 
30 600 523.0 548.6 25.6 2.8 18.9 81.1 
40 425 379.3 417.1 37.8 4.1 23.0 77.0 
50 300 357.6 413.3 55.7 6.1 29.1 70.9 
60 250 365.1 405.3 40.2 4.4 33.5 66.5 
100 150 354.5 680.9 326.4 35.6 69.1 30.9 
120 125 518.1 550.7 32.6 3.6 72.6 27.4 
200 75 502.5 666.2 163.7 17.8 90.5 9.5 
Bottom < 75 366.1 458.7 92.6 10.1 100.0 0.0 
      Weight 
of Cup 
(g) 
90.9 
      
      Cup w/ 
Sediment 
(g) 
1008.1 
      
      Total 
Sediment 
(g) 
917.2 
      
 
 
 
 
 
 
 
 
 
 250
APPENDIX I: FDEP SOPS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 251
FC 1000 Cleaning / Decontamination Procedures 
Performance Criteria 
The cleaning/decontamination procedures must ensure that all equipment that contacts a 
sample during sample collection is free from the analytes of interest and constituents that would 
interfere with the analytes of interest. 
The detergents and other cleaning supplies cannot contribute analytes of interest or 
interfering constituents unless these are effectively removed during a subsequent step in the 
cleaning procedure.  The result of any cleaning procedure (including all cleaning reagents) must 
be equipment blanks with reported non-detected values. 
The cleaning procedures outlined in this SOP are designed to meet the above-mentioned 
performance criteria.  Alternative cleaning reagents or procedures may be used.  However, the 
organization must be prepared to demonstrate through documentation (i.e., company-written 
protocols and analytical records) and historical data (i.e., absence of analytes of interest in 
equipment blanks) that it consistently meets these performance criteria.  Field quality control 
measures (see FQ 1210) must support the use of alternative reagents or procedures. 
 
Cleaning Reagents 
Recommendations for the types and grades of various cleaning supplies are outlined 
below.  The recommended reagent types or grades were selected to ensure that the cleaned 
equipment is free from any detectable contamination. 
DETERGENTS:  Use Liqui-Nox (or a non-phosphate equivalent) or Alconox (or 
equivalent).  Liqui-Nox (or equivalent) is recommended by EPA, although Alconox (or 
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equivalent) may be substituted if the sampling equipment will not be used to collect phosphorus 
or phosphorus-containing compounds. 
SOLVENTS  Use pesticide grade isopropanol as the rinse solvent in routine equipment 
cleaning procedures.  This grade of alcohol must be purchased from a laboratory supply vendor.  
Rubbing alcohol or other commonly available sources of isopropanol are not acceptable. 
Other solvents, such as acetone or methanol, may be used as the final rinse solvent if they 
are pesticide grade.  However, methanol is more toxic to the environment and acetone may be an 
analyte of interest for volatile organics. Do not use acetone if volatile organics are of interest. 
Properly dispose of all wastes according to applicable regulations.  Containerize all 
solvents (including rinsates) for on-site remediation or off-site disposal, as required. 
Pre-clean equipment that is heavily contaminated (see FC 1120, section 3) with organic 
analytes with reagent grade acetone and hexane or other suitable solvents.  Use pesticide grade 
methylene chloride when cleaning sample containers.  Store all solvents away from potential 
sources of contamination (gas, copier supplies, etc.). 
 
Analyte-free Water Sources 
Analyte-free water is water in which all analytes of interest and all interferences are 
below method detection limits.  Maintain documentation (such as results from equipment blanks) 
to demonstrate the reliability and purity of analyte-free water source(s). 
The source of the water must meet the requirements of the analytical method and must be 
free from the analytes of interest.  In general, the following water types are associated with 
specific analyte groups:   
Milli-Q (or equivalent polished water):  suitable for all analyses. 
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Organic-free:  suitable for volatile and extractable organics. 
Deionized water:  may not be suitable for volatile and extractable organics. 
Distilled water:  not suitable for volatile and extractable organics, metals or ultra-trace 
metals. 
Use analyte-free water for blank preparation and the final decontamination water rinse. 
In order to minimize long-term storage and potential leaching problems, obtain or purchase 
analyte-free water just prior to the sampling event.  If obtained from a source (such as a 
laboratory), fill the transport containers and use the contents for a single sampling event.  Empty 
the transport container(s) at the end of the sampling event.  Discard any analyte-free water that is 
transferred to a dispensing container (such as a wash bottle) at the end of each sampling day. 
 
Acids 
Reagent Grade Nitric Acid:  10 - 15% (one volume concentrated nitric acid and five 
volumes deionized water).  Use for the acid rinse unless nitrogen components (e.g., nitrate, 
nitrite, etc.) are to be sampled.  If sampling for ultra-trace levels of metals, use an ultra-pure 
grade acid. 
Reagent Grade Hydrochloric Acid:  10% hydrochloric acid (one volume concentrated 
hydrochloric and three volumes deionized water). Use when nitrogen components are to be 
sampled.  If samples for both metals and the nitrogen-containing components (see FC 1001, 
section 4.1.1 above) are collected with the equipment, use the hydrochloric acid rinse, or 
thoroughly rinse with hydrochloric acid after a nitric acid rinse.  If sampling for ultra trace levels 
of metals, use an ultra-pure grade acid.  Freshly prepared acid solutions may be recycled during 
the sampling event or cleaning process.  Dispose appropriately at the end of the sampling event, 
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cleaning process or if acid is discolored or appears otherwise contaminated (e.g., floating 
particulates).  Transport only the quantity necessary to complete the sampling event. 
Dispose of any unused acids according to FDEP and local ordinances. 
 
FC 1132: General Cleaning Procedure for Plastic Sampling Equipment 
Rinse equipment with hot tap water.  Soak equipment in a hot, sudsy water solution (Liqui-Nox 
or equivalent - see FC 1001, section 1).  If necessary, use a brush to remove particulate matter or 
surface film.  Rinse thoroughly with hot tap water.  Thoroughly rinse (wet all surfaces) with the 
appropriate acid solution (see FC 1001, section 4).  Check manufacturer's instructions for 
cleaning restrictions and/or recommendations.  Rinse thoroughly with analyte-free water.  Use 
enough water to ensure that all equipment surfaces are thoroughly flushed with water.  Allow to 
air dry as long as possible.  Wrap clean sampling equipment according to the procedure 
described in FC 1003, section  
 
FC 1190: Ice Chests and Shipping Containers 
Wash the exterior and interior of all ice chests with laboratory detergent (see FC 1001, 
section 1) after each use.  Rinse with tap water and air dry before storing.  If the ice chest 
becomes severely contaminated with concentrated waste or other toxic or hazardous materials 
clean as thoroughly as possible, render unusable, and properly dispose 
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